IEUWE SERIE, 16E JAARGANG PRUS #2.— NUMMER 2, FEBRUARI 1954 


GEOLOCIE 
MIJNBOUW 


MAANDBLAD 
VAN HET KONINKLIJK NEDERLANDSCH 
GEOLOGISCH-MIJNBOUWKUNDIG GENOOTSCHAP 


| REDACTIE: 
| Prof. Dr. R.W. van Bemmelen, Ir. W. de Haan, Ir. J. A. C. ter Meulen, Dr. A. J. Pannekoek, 
Prof. Dr. M. G. Rutten, Ir. A. A. G. Schieferdecker, Prof.Dr.L. U. de Sitter, 
Ir. J.M. Weehuizen, Ir. A. van Weelden 


Algemeen redacteur: Dr. A. Brouwer 


Garenmarkt 1, Leiden, Tel. 26261 


INHOUD: 


Sedimentology of recent tidal flat deposits and the Psammites du Condroz (Devonian) by 


Ban Sirasien.. 2 00 zone a nenn 25 
De natuurlijke magnetizatie van IJslandse gesteenten, door Dreishlospersin 200. 0 ur 48 
Ter herdenking Dr. Albert Plesman, door Dr. H. M. E. Schürmann Paar u aaa, kat ur, ‚8 52 
Mining development in Asia and the Far East . » mn 53 
Geologisch en Mijnbouwkundig Nieuws . » > nun nn 58 
u Je Br ee ie SEE SE BE Zu Ba Be Ze Ze Ze 59 
Genootschapszaken a nen nee 59 


SEOLOGIE EN MUNBOUW, NW. S., 16° JAARGANG No. 2, FEBR. 1954, PAG. 25-60 


KONINKLIJK NEDERL. GEOLOGISCH MIJNBOUWKUNDIG 


GENOOTSCHAP 
(Royal Netherlands Geological and Mining Society) 


Bestuur van het Genootschap: 
(General Council) 


Dr H. M. E. SCHURMANN, Voorzitter. 

Prof. Ir H. J. DE WIJS, Secretaris, Münbouwstraat 20, Delft. 
Ir L. W. LEYDS, Penningmeester, Raamweg 41, ’s-Gravenhage. 
Ir J. H. BELTMAN. 

Ir =. J. M. W. DE QUARTEL. 


Bestuur van de Geologische Sectie: Bestuur van de Münbouwkundige Sectie: 
(Council of the Geological Section) (Council of the Mining Section) 

Ir A. VAN WEELDEN, Voorzitter. Ir. W. MARTENS, Voorzitter. 

Prof. Dr G. L. SMIT SIBINGA. Ir. G. J. BAKKER, Secretaris, 

Dr J. D. DE JONG, Secretaris, Drievogelstraat 115, Spekholzerheide 

Spaarne 17, Haarlem. Ir. P. S. BAKELS, Penningmeester, 

Dr P. KRUIZINGA, Penningmeester. Beatrixlaan 9, Geleen 

Prof. Dr Ir R. W. VAN BEMMELEN. Prof. Ir. Th. R. SELDENRATH. 

Dr D. J. DOEGLAS. Dr. W. DE BRAAF. 

Prof. Dr E. NIGGLI. Ir. G. B. DEBETS. 


Ir. H. P. KOOPMANS. 


Algem. redacteur „Geologie en Münbouw”: 
(Editor „Geologie en Minbouw”) 


Dr A. BROUWER, Garenmarkt 1, Leiden. 


Bestuur van de Geophysische Kring: 
(Council of the Geophysical Section) 
Ir A. VAN WEELDEN, Voorzitter. 
Dr A. J. PANNEKOEK. 


Ir J. W. DE BRUYN, Secretaris- Uitgever „Geologie en Münbouw”: 
Penningmeester, (Publisher „Geologie en Münbouw”) 
Carel van Bylandtlaan 30, G. A. TIESING, Vogelkersstraat 48, 
’s-Gravenhage. ’s-Gravenhage. 


De jaarcontributie van het Genootschap bedraagt f 20.— voor het lidmaatschap van beide 
secties en f 15.— voor het lidmaatschap van de Geologische of de Mijnbouwkundige sectie. 
Leden van de geologische sectie en van beide secties kunnen ook lid zijn van de geophysische 
kring, in welk geval de jaarcontributie met f 1.— wordt verhoogd. 

Gewone leden, ouder dan 65 jaar, kunnen een reductie van f5.— op de jaarcontributie 
len) na opgave van geboortedatum en geboorteplaats aan de secretaris van het Genoot- 
schap. 

Met ingang van 1 Januari 1950 kunnen gewone en ereleden van het Genootschap, indien zij 
tevens gewoon lid of erelid zijn van het Koninklijk Instituut van Ingenieurs een verlaging van 
20 % op beide contributies verkrijgen, indien zij hiervan kennis geven zowel aan de secretaris 
van het Genootschap als aan de Algemeen secretaris van het Koninklijk Instituut van Inge- 
nieurs. 

Contributies dienen gestort te worden op de girorekening van de penning 
Genootschap, No. 40517 te ’s-Gravenhage. £ 3 j E rn 

Alle leden van het Genootschap ontvangen het maandblad „Geologie en Mijnbouw” gratis; 
de gewone leden bovendien de publicaties van de sectie(s) waarvan zij lid zijn. 

De abonnementsprijs van „Geologie en Mijnbouw” bedraagt voor niet-leden f 15.— per jaar 
voor het binnenland en f 16.50 per jaar voor het buitenland. De priis voor losse nummers 
bedraagt f 2.— (voor bijzondere nummers wordt een aparte prijs vastgesteld). Abonnements- 


elden 2 ingen di i i i i 
8‘ " ar ern) dienen te geschieden op de girorekening van de uitgever 
N 8, No. 53 te ’s-Gravenhage. 


Subscription rate of the monthly journal „Geologi j e i ; 
De h J » gie en Münbouw”: for foreign countries 
OHR ESS Söparate copies 2 quilders except special numbers. eh for subscript- 
a ate copies to the publisher: G. A. Tiesing, Vogelkersstr. 48, The Haqgue. 

- For correspondence concerning the Societ icati 

; s ( c y and the exchange of publications: The 
ER Ned. Geologisch-Münbouwkundig Genootschap, ne 30, Delft (Nether- 


For publications sent in exchange: ; . “ 
R ge: The Library, Ned. = , % 
an, c.o. Instituut voor Münbouwkunde, Delft er Münbouwkundig Ge 
nn.se „Concerning the contents of „Geologie en Münbouw”: The Editor, 
landen. ‚ 6.0. Kyksmuseum van Geologie, Garenmarkt 1B, Leiden (Nether- 
For correspondence concerni er ch j 
end For In ea advertisements and subscriptions of „Geologie en Mün- 


Be Hear Netherlands). separate copies: G. A. Tiesing, Publisher, Vogelkersstr. 48, 


"uspIom 
usBozsBuIs usZIn}S usJeqjja}sIaA Sıp 
pus4yem ‘4z}9sa6 sıa[BuUSY93.45 sep yne 
usz}espey usp 1m Js PAIM ‘usuuoy 
nz usJyeyisa usBbemuyog usp wN 


usgsßnzis4j} js}neydsape7 eıp Any 
wney uop wn ‘uspJsem Pjusmyssab 
349g Anz »z}espey sıp pusiyem 'uaz 
-In4S ussegjjajsiea y jne usBbemuyog 
JsSp }ynı uspe] pun usiyog Ieg 


sujyPsewepejssorg 
wm 


N39VMAYHOA 


SI 


BER Be En GCRAMS- 
EONDAIN ONE ren Ir RICHARD SUTCLIFFE - HORBURY 
235: VAUX HALL BRIDGE R.D. = IV N 6) - 5 


5 ENGLAND. 
LONDON SW.L. ; ee 
ENGEAND Ba, BENTLEYS SECOND 
PHRASE 


PHONE: VICTORIA -0844 LIMITED ° 
Re: A-B-C SAND et" 


: > UNIVERSAL WORKS + HORBURY + ENGLAND 
Phone: Horbury 350: - EDITIONS 


PIONIERS VOOR DE.GEHEELE WERELD VAN ONDERGRONDSCH BANDTRANSPORT. 


Groot-Brittanni& 


in | 190% 


van de aandrijfmachines 


van transportbanden 
met een vermogen van 50 pk 


of meer gemaakt door 


RICHARD SUTGLIFFE LTD 


Adviseur voor Nederland, Belgi& en Luxemburg: Ir A. N. GLAZENER, Cliostraat 48, AMSTERDAM 


Nieuw Ketelhuis V Mijn Oranje Nassau I te Heerlen. Voor dit gigantische bouw- 
werk leverden wij het staalskelet met verdere installaties. 


N.V. HOLLANDIA 


KRIMPEN AAN DEN WSSEL 


Kantoor te Heerlen: Honigmanstraat 98 - Telefoon 5392 


Wasseriigebouw Mijn Oranje Nassau Il te Schaesberg, waarvoor zowel het staal- 
skelet als de installatie c.q. baggerwerken door ons werden gemaakt. 


TROUGHED 
IDLERS 


Meco Troughed Idlers and Rollers are giving satis- 


where Belt Convayare are wech. They are can ME MINING ENGINEERING CO., LTD. 
coal, potash, sand, gravel and rock both underground 


and on the surface. A full range for Belts up to 48’ MECO WORKS, WORCESTER. 


wide is made. 


TELEPHONE: WORCESTER 2291 (6 lines) 


TELEGRAMS: MECO, WORCESTER. 

® 

LONDEN OFFICE: 50 PALL MALL, LONDON S.W. 
TELEPHONE: TRAFALGAR 4686/7 


LP 77-53 CABLES: MECOMONDE, PICCY, LONDON. 


THE MINING ENGINEERING CO LTD, MECO WORKS, WORCESTER ENGLAND 


LONDON OFFICE: 50 PALL MALL LONDON S.W.I. CABLE MECOMONDE PICCY LONDON 


Agent for Indonesia and Dutch Overseas Territories: 


"AGMA” 
ALGEMEENE GEREEDSCHAPPEN- EN MACHINEHANDEL 


- VALERIUSSTRAAT 59 - AMSTERDAM-Z 


SIO M 


SCHIEDAM FIRMA A. F. SMOLDERS 


SKIPVUERVOER 


WIPPERS 
MEETBUNKERS 

SKIR 5 
SCHACHTUTTRUSTING 
LUCHTSLOIS 
STORAFZUIGING 


BOVENGRONDSE 
KOLENVERWERKING 


LOSULOEREN 
WASSERUEN 
TRANSPORTEURS . 
EMMERLADDERS 
ZEUEN 
WASMACHINES 
SCHUIMMACHINES 


MECHANISCHE 
KOOLWINNING 


SCHRAPERINSTALLATIE 
MET TWEETROMMELLIER 
MET PLANEET- 

AANDRYUING 230 PK 


KÖLENSCHAAF- 
INSTALLATIE MET 
SCHRAPERTRANSPORTEUR 
LAADSEHRAPER 


PWLERSCHRAAPBAND 


HOLLAND 


DRILLS 
and 
BITS 


for all kinds of drilling operations 


More than 60 years experience in 


manufacturing and contract core drilling 


Svenska Diamantberghorrnings AB 


D.DRUKKER & Zn,N.V. 


WEESPERPLEIN 4 - AMSTERDAM . TELEFOON 53906-50369 


"DIAMONDS 


Pa a 


5 


3 


ee _  N.V,-VERBENIGDE 
FERNDORF - STAHLROHRE | TOU ABRIEKEN 


PEWORKS) 


schmelzgeschweiszt für Preszluft, (Ü Ng 
Gas, Wasser, etc. von 200 mm 


1.W .. ; . E73 
an aufwärts, in Wandstärken ROTTERDAM 


van 5-12 mm und jeglichen Ver- 


bindungsarten 


REUSS - STAHLPANZERROHRE 


für den Blasversatz hochver- 
‚schleiszfest mit einem Innenpanzer 
_ von 210/230 kg? Festigkeit und 
Zubehör von 150 mm I.W. an 


und darüber 


JarnnaranROSLOnnORBgRHeRRAEHERNIL LEnARE ROTEN ALERSRERERIET ER NaR Mena 


* Afdeling: 


EISEN-U. METALLWERKE FERNDORFF | Staaldraad! 


GEBR. BENDER 
FERNDORF KREIS SIEGEN 


's.GRAVENWEG 264 - TELEFOON 114060 


ENPEL> nn 


FOR ALLE. BL O:.Z VER H AAL-T.N 1:55 E 


GERLACH »TANDEM« STEMPEL 


LAMELLENSTEMPEL 
für flache Lagerung 


LAMELLENSTEMPEL 
für halbsteile Lagerung 


STRECKENSTEMPEL 


VANWERSCH-GELENKKAPPEN 
Modell 52/114; 52,96; 
52/80 und Modell 50 T 


. N. V. Nedeximpo van 1949 
Vissersdam 5, Amsterdam, Tel. 397 43 


' _MIJNVENTILATOREN 


OÖfficieel volgens VDI geconsta- 
teerd nuttig effect voor 


Hoofdmijnventilatoren 
Systeem „Schicht” 


Metingen op Mijnbedrijf: Nuttig effect: 


Haus Aden 80 % 
Graf Schwerin IIIV 80 % 
Ickern I11/IV 81,5% 


Auguste Victoria 84,8 % 


AKTIENGESELLSCHAFT 


KUHNLE-KOPP:KAUSCH 


FRANKENTHAL:'PFALZ 


Vertegenwoordigers: 


N.V. INGENIEURSBUREAU FR. ERIKSSON - 


DEN HAAG 


TELEFOON 116565 


182089 


Zeven voor de grofste tot de fiinste scheiding 


De "SYMONS PATENT ROD DECK 
SCREEN” is een klasseerzeef met groot 
nuttig effect. Het zeefoppervlak wordt ge- 
vormd door staven van verenstaal in plaats 
van het gebruikelijke zeefgaas of de geper- 
foreerde plaat. Bij zeer grote toevoer van 
nat of droog materiaal kan’ een buitenge- 
wone capaciteit worden bereikt. 


Door de lange levensduur van de stalen 
staven ziin de onderhoudskosten van het 
zeefvlak bijzonder laag, waardoor ook de 
zeefkosten per ton miniem zijn. 


SYMONS ZEVEN 
° FR FABRIKAAT VAN NORBBERS 


HEAD OFFICE: MILWAUKEE, MANUFACTURING COMPANY 
WISCONSIN. U.S.A. 


19 CURZON STREET, LONDON. W. 1. ENGLAND 


wesstaua LOBBE-SCHAAFPLOEG 


DE NIEUWE KOOLWTNNINGS-, LAAD- EN 

TRANSPORT-MACHINE. MET EEN CAPA- 

CITEIT TOT 1000 TON PER DIENST VOOR 

LAGEN VAN 40 CM EN HOGER, BIJ EEN 

HELLING VAN 30° BENEDENWAARTS 
EN 16° OPWAARTS. 


® WESTFALIA LÜNEN 


VERT. INGENIEURS-BUREAU ‚„FERRUM” HEERLEN 


a 


x = 
SERRERER - 


> derband = Anl agen für Streb u. Strecke 


mit Vorsatz-Getriebe: _ 
als Wende-Getriebe 
für. Vorwärts: und Rückwärtslauf, . 


als Schalt-Getriebe 


2-Trommel-Antriebe | 
für 2 Geschwindigkeiten. 


für jede gewünschte ; = 
e Be R 2 ‚Motor kann längs und quer ° 
Förderlänge u. Förderleistung B> - zur Förderrichtung stehen. 


Leichte, offene 
Tragkonstruktion 


auf Fußstützen oder 
mit Aufhängung. 
Unterband-Förderung 


ım Ganzen rückbar für den 
stempelfreien Abbaustoß. 


‘Schraubenlose Verbi 


Bitte, fordern Sie 
* Besuch und Beratung durch unsere Fachıngenieure 
über unseren Vertreter. 


SJEFDE GROOT 


ANNA PAULOWNALAAN 41 _ TELEFOON 4418 — 


AMERSFOORT € 16820 


LL—————— 


OTTO FENNEL SOHNE, KASSEL 


Isolatiematerialen 


voor warmte- en koudeverliezen. 
geluiddemping en trillingen. 


Asbest 


weefsels, h.d. pakkingplaten 
en machine-pakkingen. 
Bestand tegen stoom, olie, 
water en zuur. 


Scandura 
transportbanden, op p.v.c. basis 
: onbrandbaar, onaantastbaar voor 
GEODETISCHE INSTRUMENTEN ZOALS: - vocht en schimmel. 
MIJN- EN MAGNEETINSTRUMENTEN N.V. Internationale Technische Handelmij 
STALEN MEETBANDEN VIHFA FJ 
NIVELLEER INSTRUMENTEN > 6A 2 
THEODOLITEN a & C LET O RN 
LA CHNESETER SZENZE PIE 7 NIEUWE HAVEN 143-147. SCHIEDAM 
VERKOOPKANTOOR: TEL 65111 (3 LUNEN) 
MSTERDAM-GRONINGEN 
N.V. TECHNISCH HANDELSBUREAU RE 
B RO N SEN D | E K Alleenvertegenwoordigers van de 
HAAGWEG 81 _ RISWIUK (Z.-H.) ee Lid | 
TELEFOON 119409 s 


Centrifugaal \ TRANSPORT 
gegoten ; BANDEN 


bussen en 


Onze standaardlegering 1 
heeft door de speciale 
warmtebehandeling 
bijzonder goede 
loopeigenschappen. 


Daardoor geschikt voor alle doeleinden 

(0... zeer goed voor SCHROEFASVOERINGEN) 
Ookalleanderenon-ferro 
legeringen centrifugaal 
gegoten leverbaar. 
Maximum 3000 mm lang, 

— grootste diameter 305 mm. 


L.SMIT & ZOON 


Afd. Metaalgieterij 


N:V. MACHINEFABRIEK EN IIZERGIETER|] 


„HOLLAND.BERGEN OP ZOOM” 


KINDERDIJK Tel. K 1800-115611 


APPARATEN 


esvlak 


LUTTEN 


in 
ing 


d 


in 


HIJSWERKTUIGEN 


fwerend 


soepel 
andbaar 


lomw 


KON. F“ PENN & BAUDUIN 
DORDRECHT 
CONSTRUCTIEWERKPLAATSEN 
TRANSPORTINSTALLATIES 


MACH. BOUW - IJZERGIETERIJ 


re 


ZeEeL 
44426 . FERNSCHREIB. 037834 


STAALBOUW 


onbr 
® olad doorstrom 


® duurzaam 
spiraa 


| 


D 
(= + 
en 
zZ. 
o-! 
— 
<« 
nn 
= 
„N 


PLASTIC- 
® beder 


| 


GESELLSCHAFT FÜR BERGBAU UND HUTTENBEDARF 
- 122 


MÜLHEIM (RUHR) .SAMMELRUF 


G.W. SCHAUENBURG & SOHN 


WIJDTES UIT ALLE VERWEEFBARE METALEN 
DINXPERLO 


GEWEVEN GAAS 
VAN DE GROFSTE TOT DE FUNSTE MAAS- 
N.V. METAALDRAADWEVERI) 


Productieschema: 


electrische- en perslucht-boormach., boorkoppen en -stangen, mijngas-veilige verlichting 


VICTOR PRODUCTS (WALLSEND) LTD 


un nl 


Agenten: N.V. Ing. Bur. v/h J. M. C. van Borselen & Co. - Lange Poten 15a - 's-Gravenhage 


—————— 


Locomotieven 
Mijnwagens 
Kipwagens 


Wissels 


Draaischijven 


Rails 
Dwarsliggers 
Railbevestigingsmateriaal 


Wippers 
Stempels 
Schachtkooien 


SPOORWEGMATERIAAL VOOR NORMAAL- EN SMALSPOOR 


aededgeer NW. 
a 


Tel. O 1730 - 25931 


KEMA bouw ruim 60 jaar TRANSPORTLIEREN 


KÖ LN-EHRENFELD Ing. Bureau „FERRUM” 


St. Antoniusweg 9, HEERLEN 


2 Preßluftmotoren = a = 
ie82PSn=500U.p.M. Pe AKerE 
1 lose I feste Bobine ma, 2 
Bobinen © 3300 mm. 
mitl. Seilgeschw. 3 m/sec 


I3WTAINDUHD2-2M3M3I 


SIEMENS 


Tot 1500 ton per dag... 


Productieverhoging door mechanische koolwin- 
ning betekent het toepassen vanmeer energie 
aan het kolenfront. Heden ten dage zijn ver- 
mogens tot 300 kW aan het kolenfront gein- 
ställeerd. Een economische energie voorzie- 
ning is hier alleen nog mogelijk met electrici- 
teit. Hierdoor kan de productie in een volledig 
gemechaniseerde pijlers t01 1500 ton per dag 
verhoogd worden 


Voor de half- en volaufomatische 
steenkolenwinning leveren wij com- 
plete electrische installaties in druk- 
vaste uitvoering 

transformatoren, motoren, schäkel- 
apparatuur en contröle-inrichtingen, 
kabels en leidingen. 


Bedieningsplaats van een Löbbe-schraperinstallatie, 
aangedreven door 4 drukvaste 
draaistroommotoren elk 33 kW, 500 V 


& 
a 
‘ 
Fi 


fe2:2; 
E44 


72 


NEDERLANDSCHE SIEMENS MAATSCHAPPIJN.V.: RIJNSTRAAT 24. s’'GRAVENHAGE - TEL. 723810 
ALLEENVERTEGENWOORDIGING VAN: 
SIEMENS-SCHUCKERTWERKE AKTIENGESELLSCHAFT - BERLIN-SIEMENSSTADT- ERLANGEN 


0884 H/25/22 


NIEUWE SERIE, 16e JAARGANG 


NUMMER 2, FEBRUARI 1954 


GEOLOGIE EN MINBOU 


SEDIMENTOLOGY OF REGENT TIDAL FLAT DEPOSITS 
AND THE PSAMMITES DU CONDROZ (DEVONIAN) 


L. M. J. U. VAN STRAATEN! 


CONTENTS 
p. 
SENT Den ae N 25 
AihezDutch Wadden Sea vn nee 25 
Introduct one rt Re en 25 
Environments of sedimentation in the 
\Waddent Seaweese ne ln 26 
Sedimente structures 28 
iherPsammites’diu Condtoz nen 28 
STeneraluremanlks a a ee rue 28 
Hacke OO en et. 29 
Depositional" structures, a... ee 32 
KO) ganickremains Eee 40 
Kenerale conelusionse A 42 
Comparison between Wadden deposits 
and the Psammites du Condroz ......... 42 
Probability of tidal flat origin ............... a2 
Probability of lagoon origin _............... 43 
Comparison with the Gulf coast environ- 
EI Er En an 44 
Possible reconstruction of the environ- 
mental? eonditons Mer ei 45 
References en 8 ee ee; 45 


SUMMARY 


The Psammites du Condroz (arenaceous facies of 
the Upper Famennian in the Belgian Ardennes) 
have been regarded, since the earliest geological 
investigations, as typical deposits of neritic or lit- 
toral origin. It is endeavoured in the present paper 
to define more narrowly the environment in which 
a part of these strata, the Assise de Montfort, has 
been accumulated. The sedimentological properties 
are thereto compared, one by one, with those of a 
recent littoral formation, about which many data 
are already available, viz. the Wadden Sea depo- 
sits in the N and the W of the Netherlands. As 
could be expected, no complete correspondance was 
found (Table 4). The differences point, in the 
main, to a smaller effect of current activity in the 
Psammites du Condroz. On account of these data, 


1 Institute of Geology, Groningen University. 
The author is greatly indebted to Prof. P. Macar 
(Liege) and the Service Geologique de Belgique 
(Bruxelles) for various informations and assistance, 
and to the Netherlands Foundation for Pure Research 
(Z.W.O.) which defrayed the costs of the inves- 
tigation. 


it is believed that the most probable environment 
of formation was that of a tidal lagoon, bordered by 
tidal flats and receiving a more or less periodical 
supply of fluvial material. The bulk of the sediments 
was then laid down on the lagoon floor(s), only a 
subordinate part being deposited at the higher levels 
of tidal flats, marshes (?) and river built levees (?). 
The Gulf coast area is cited as an example where 
such conditions are realized at the present day. 


THE DUTCH WADDEN SEA 

Introduction 

The northern part of the Netherlands is 
occupied by a shallow sea, the floor of which 
is uncovered for the greater part at low tide. 
This tidal flat area is known as the Dutch 
Wadden Sea. It is only due to the work of 
man that the sea is kept out of the low Iying 
western part of the Netherlands. If the dykes 
were removed from this area, the Wadden Sea 
would very soon extend along the whole length 
of the Dutch coast, from Belgium to Germany. 
Such a situation has, in fact, existed a few 
thousands years ago, during the Atlantic stage 
of the Holocene period. A series of tidal flat 
deposits was then formed, ranging in thickness 
from about 10 to 30 m below the present coast 
and thinning out in inland directions. The 
Atlantic deposits were laid down during a 
transgression of the sea, due to the combined 
effects of the rising sea level and the sub- 
sidence of the land. The arrival of the sea was 
preceded by the formation of a thin layer of 
peat, which covers great parts of the older 
Holocene of Pleistocene land surface. It is 
thought that this "Lower Peat owes its origin 
to the rise of the ground water table accom- 
panying the rise of sea level. Away from the 
coast, towards the E and the S, the peat lies 
at decreasing depths and is of progressively 
younger age. The Atlantic tidal flat sediments 
are overlain by another layer of peat, formed 
during a subsequent regression of the sea. This 
regression (or, perhaps more accurately: re- 
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Fig. 1 — Cross sections at right angles to the Dutch coast. The dunes are not according to scale. The 
dotted lines give the base of the Holocene. The bulk of the Holocene in the upper two figures is developed 
as tidal flat sediments. In the lower section the tidal flat facier is restricted to the western part of the 
Holocene, the eastern part being constituted largely of river deposits. 


treat of the sea) was followed again by a new 
transgression (advance), which gave rise to 
several minor invasions in the western part of 
the Netherlands and to the actual Wadden Sea 
in the north. 

The present day tidal flat sediments are laid 
down in the shelter of a coastal barrier. In all 
probability the same conditions existed during 
Atlantic times. Cross sections through the pre- 
sent coast and the adjoining parts of the North 
Sea show a pronounced break in slope of the 
sea floor at the foot of this barrier (fig. 1). 
The continental surface, forming the base of 
all Holocene Wadden deposits and sloping 
towards the coast passes much more gradually 
into the North Sea floor. Apparently the rate 
of upward growth of the North Sea floor has 
been negligible in comparison to the accumula- 
tion of the Wadden sediments behind the 
barrier. 


Environments of sedimentation in the 


Wadden Sea 


In the Wadden Sea several types of en- 
vironment may be distinguished (fig. 2). Above 
the level of mean high water salt marshes 
are formed. They are characterised by a low, 
but dense vegetation of halophytes and are 
covered by sea water only at the highest tides. 
After such inundations the water flows off 


with the ebb, along meandering and sometimes 
anastomosing marsh creeks. These creeks are 
formed, for the greater part, already in the 
earliest stages of marsh development, so that 
their depth is not so much the result of erosion 
as rather of the vertical growth of the marshes 
themselves (cf. STEERS, 1946, 1953). 

The most extensive surfaces in the Wadden 
Sea are situated between the lines of mean 
high water and mean low water. These are the 
tidal flats proper. Apart from algae, the 
flats are mostly devoid of vegetation. Instead, 
mussel beds of varying abundance and dimen- 
sions may break their monotony. Along the 
major channels, moreover, more or less closely 
spaced ebb gullies are usually present. 

Below the level of mean low tides, the 
floor ofthe channels constitutes 
a third type of environment. 

Sedimentation processes in these environ- 
ments are of various kinds. 


(1) Filling up of channels and 
gullies. — Water courses which have 
become abandoned by the currents, or in which 
the current activity is on the decline, may be- 
come silted up. 


(2) Lateral deposition (fig. 3). — 
Where water courses are shifting their posi- 
tion, erosion of the receding banks is accom- 


Embankment 


Salt marshes with 
creeks and natural 
levees 


Marsh \dep & 
' f 
! \ 


High flats with 


High flat deposits ggg 


VY\YN\N 
SSL 


IRRE 


BE 


4 
I 


KEEEET 


REEEIITEC 


& 


Spartina, Salicornia, Zostera 


[e) 


Mud flats with 


i Channel 
gullies and mussel beds 


mean high tide 


mean low 


Fig. 2 — Diagram of Wadden Sea environment. 


panied by deposition on the progading banks. 
The shifting may be the consequence of lateral 
or downstream migration of meanders, or of 
the deflection of the water courses as a whole. 

Both kinds of sedimentation can be very 
rapid. A great part of the mud, laid down at 
the turn of the tides, is immediately buried 
under new sediments, before subsequent cur- 
rents have the opportunity to remove it again. 
A deposit is produced which consists of 
alternating laminae of sand and mud. Owing 
to these circumstances the flats of gully areas 
and those along the major channels are nor- 
mally of a very muddy composition. 


5 VWiezrbicalı sıe di:meintatio.n 
(fig. 3). — This is the upward growth of the 
whole area, keeping about equal pace with the 
relative rise of sea level. The horizontal tidal 
flats, which lie beyond the direct influence of 


Vertical sedimentatıon Läteral sedimentation 


Fig. 3 — Diagram of "vertical’’ and "lateral" sedi- 
mentation. 


shifting gullies and channels are built up mainly 
by this process. The material is supplied out 


of the North Sea and is distributed to the 
different flats by channels and gullies. From 
the banks of these water courses it is spread 
out gradually over the flats in the shape of 
ripple marks. 'I'he rate of accumulation is very 
low, only 1 to 2 mm/year. Any mud that may 
be deposited at a given moment, will be 
removed sooner or later, since it is not pro- 
tected from erosion by burial under new 
material. Hence the sandy character of many 
of these flats. 

There is also a reciprocal effect: not only 
is the deposition of mud beds favoured by the 
presence of (shifting) gullies, but the presence 
of mud beds favours, in its turn, the develop- 
ment of gullies. Where ebb gullies may have 
been scoured out accidentally in sand areas, 
the steep parts of the banks will collapse very 
easily during subsequent inundations, owing to 
the small coherence of the sediment. Moreover, 
such gullies tend to be filled up with sand as 
soon as the direction of their courses does not 
correspond any longer with the changing cur- 
rent patterns of the tidal cycle. The gullies in 
mud areas are affected by these influences 
only in a very small degree and are therefore 
much more persistent features of the relief. 

(4) Trapping ofsediment by 
plants. — This process is responsible for 
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the greater part of marsh deposition. When 
the marshes are flooded, a considerable 
quantity of the material, carried on by the 
currents, is dropped: first the sand, then the 
finer fractions. In this way a laminated deposit, 
rich in clay, is formed. A characteristic pro- 
perty of this type of sedimentation is the 
development of natural levees, bordering the 
creeks. On the tidal flats such levees are mostly 
absent, owing to the lack of vegetation. 

The elementary processes, outlined above, 
may act together in various combinations. 


Sediment structures 

The environment, in which the different 
Wadden Sea deposits have been formed, may 
be deduced from their type of bedding. 

As a result of the strong tidal currents, the 
channel bottom sediments are usually 
recognizable by their abundant current ripple 
structures (plate 1, E). 

The tidal flats are inhabited, almost 
everywhere, by enormous numbers of sand- 
and mud-dwelling animals: worms, crustaceans 
etc. On the higher flats, where gullies 
are scarce or altogether absent, these or- 
ganisms have a strong influence upon the sedi- 
ment structure, most .of the finer laminations 
that may have been present, being disturbed 
by their burrowing activity (plate 1, A). Only 
the larger features of the stratification remain 
visible. Inthe low Iying gully areas 
this influence is surpassed by that of the 
shifting of the gullies. Before the lamination 
can be disturbed by the burrows to any im- 
portant extent, the sediment is eroded and, 
shortly after, replaced by a fresh deposit with 
a fresh lamination (fig. 4; plate 1.C). 
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Fig. 4 — Above: development of burrowing struc- 
tures in sediments of high tidal flats (sedimentation 
slow but continuous). Below: development of lami- 
nated structures of low tidal flat deposits (rapid 
sedimentation, alternating with periods of rapid 
erosion). 
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Above the level of mean high tides, the 
salt marshes present another type of 
bedding (plate 1, A). The ebb creeks are active 
only at long intervals and do not shift very 
much. On the other hand, the sediments are 


practically free from burrowing animals. 
Marine species cannot live there, since the 
inundations by sea water are too infrequent, 
whereas they occur still too often to permit 
the development of a burrowing land fauna. 
Only the disturbing effect of plant roots re- 
mains, which is, however, mostly of a sub- 
ordinate importance. Hence, the depositional 
lamination is preserved without much change. 
Owing to the uneven, dry surface of the marsh 
and owing to the presence of the plants, the 
newly supplied material is laid down in less 
regular laminae than on the bare tidal flats, 
the lamination acquiring in this way a peculiar, 
wavy, nodular aspect. 

When large channels move outward from 
the Wadden Sea shores, simultaneous deposi- 
tion of all types of sediment, mentioned above, 
may take place. Vertical sections through the 
whole complex of Wadden sediments then 
show the following succession: 


(a) a thick series of channel bottom deposits 
with current bedding and current ripples, 
overlain by 

(b) low flat deposits, with laminated struc- 
tures, 

(c) high flat deposits, with burrowing struc- 
tures and 


(d) a cover of marsh deposits with their 
own type of lamination. 


As a matter of fact, such successions are 
often found in the Dutch Holocene. 


THE PSAMMITES DU CONDROZ 
General remarks 


The purpose of the authors Wadden Sea 
investigations was twofold. First, to get a 
better understanding of the geological con- 
ditions in this environment itself, and, second- 
ly, to apply the results to the interpretation of 
old sediments. As an example of a comparable 
formation of less recent date, the writer studied 
the Psammites du Condroz in the Belgian 
Ardennes. These deposits are of Upper De- 
vonian age, The subdivision of this period is 
given in table 1. 

Slightly different opinions on this sub- 
division are also given in Belgian geological 
literature. Thus ANCION, MACAR et SNEL 
(1947) consider the Upper Famennian to com- 
ptise only the Assises de Montfort and 
d’Evieux. The Assise de Comblain au Pont 
is then reckoned already to the Carboniferous 
(cf. MOURLON, 1880), the Assise de Souverain- 
Pre to the Lower Famennian. The term Psam- 
mites du Condroz is thereby restricted to the 
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(sandy facies of the) two remaining groups 
of the Upper Famennian. 

The Psammires du Condroz attaın their 
maximum development in the valley of the 
Ourthe, S of Liege (table 1). Towards the N 
(Basin of Namur, Massif de Herve, etc.) the 
thickness decreases and disconformities are met 
with. At the same time, the facies becomes 
more distinctly continental, much cross bedding 
being found, as well as coarse grained sand- 
stones, beds of conglomerates and thin seams 
or lenticles of coal. Following the strike of the 
Ardennes in westerly directions (Valleys of 
the Hoyoux and of the Meuse) the facies is 
very similar to that in the Ourthe valley, but the 
total thickness re reduced and various parts of 
the system are probably lacking (MOURLON). 

The width of the zone, occupied by the 
Psammites du Condroz in the basin of Di- 
nant in their typical development, amounts to 
some 20 to 30 km, measured at right angles to 
the strike. Before the folding this distance may 
have been 25 to 40 km. 


In the south (S parts of the Dinant syn- 
clinorium) the Upper Famennian is developed 
as a series of shales, They were probably 
deposited in a somewhat deeper sea (LERICHE, 
1931, a.o.). The Psammites du Condroz and 


especially the sediments of the Assise de 
Montfort are particularly accessible for in- 
vestigations, since they are extensively quarried 
for all kinds of paving material and for building 
stones. Unless stated otherwise, the following 
observations concern the Montfort-group, as 
studied by the author in the valleys of the 
Ourthe, the Ambleve, the Hoyoux and the 
Meuse. Some 30 quarries were visited (table 2), 
the location of which is given in fig. 5, A 


and B. 


Lithology 


The investigated formations consist practi- 
cally exclusively of sandstones, shales, cal- 
careous sandstones (so called macignos), more 
or less sandy limestones and mud pebble con- 
glomerates, thus named in the order of de- 
creasing importance (fig. 6). In this general 
sense, as well as in all lithological details, 
presented below, a perfect analogy exists with 
the normal type of Wadden sediments. 

The sandstones form the bulk of the 
sandstone beds. Most often they show laminar 
thickness, usually not exceeding a few meters. 
Mineralogically they consist mainly of quartz 
grains, to which a certain amount of mica 
flakes and of lime is mostly admixed. "The lime 
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i 11. Souverain Pre B 21. Rivage C 
3; ee 12. Souverain Pre C 22% Comblain au Pont A 
3. Dinant 13. Souverain Pre D 234 Comblain au Pont B 
4. Vyle et Tharoul A 14. Poulseur A 24. Comblain la Tour 
5. Vyle et Tharoul B 15. Poulseur B 25. Oneux 
6. Tavier 16. Poulseur C 26. Rouvreux 
7. Limont 17. Richopre 27. Martinrive 
8. Hout-si-Plout 18. Menage 28. Aywaille A 
9. Esneux 19. Rivage A 29. Aywaille B 
10. 20. Rivage B 30. Sougne 
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Fig. 5 A — The Upper Famennian 


(Fa2) in the Belgian Ardennes. The numbers indicate the locatior. 
of the quarries’ which were visited (cf. tabel 2). 
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Fig. 5 B— The Upper Famennian (Fa2) in the 


location of the quarries (cf. table 2). 
is normally present in the shape of detrital 
grains; a part of it may have been recrystallized. 
The diameter of the quartz grainz lies mostly 
between 40 and 100 ı, the flakes of mica and 
the grains of calcite showing usually somewhat 
larger dimensions. The lime content is some- 
times very high, the sandstones then grading 
into calcareous sandstones. 
The shales form partings between the 
sandstone beds. Most often they show laminar 


area of the Ourthe Valley. The numbers indicate the 


or sublenticular inclusions of sandstone. When 
pure, they are seldom more than a few cm 
thick. The shales are built up mainly of fine 
aggregates of mica. Their lime content varies 
considerably. Sometimes the shales are rich in 
more or less distintegrated humic remains. 
Together with this organic material small 
amounts of pyrites may be found. The vege- 
table remains tend to be concentrated on 
certain bedding planes. In the Wadden Sea a 


similar distribution of humic substance and of 
pyrites is observed. Here, the organic material 
has been derived mainly from peat beds, eroded 
in the tidal channels. 


Apart from the sandstone laminae, the shales 
contain often a consigerable amount of sand, 
which is mixed up in the mass of the clayey 
material itself. These sand grains may be of 
all sizes, but most often they belong to the 
finer fractions. The sand of the intercalated 
sandstone laminae, on the other hand, has as a 
rule a minimum grain size of about 40 u. The 
same thing is known from the recent Wadden 
deposits. When the movements of the water 
diminish to the extent that sand grains smaller 
than 40 u become deposited, the mud is de- 
posited at the same time. This points to a 
flocculated, or at least a more or less granular 
state of the mud, and the phenomenon may 
serve perhaps as a means of distinguishing be- 
tween salt- and freshwater-deposits. In the 
latter pure sand or silt laminae, without clay, 
are found with much finer grain size distribu- 
uons. 


Limestones constitute only a sub- 
ordinate part of the sediment. They are en- 
countered in beds which seldom exceed a few 
dm in thickness. As far as later recrystallization 
has not obliterated the original structures, the 
lime appears to have been deposited as detrital 
elements: broken and unbroken valves of 
molluscs and brachiopods, ossicles of crinoids 
etc. The limestones are seldom pure; a varying 
amount of sand grains is mostly admixed. 
Sometimes they show a brecciated or con- 
glomeratic structure with angular? or more 
or less rounded 3 fragments of limestone Iying 
embedded in a matrix of a slightly different 
composition. This seems to indicate an early 
‘ consolidation of the carbonate sediment. Apart 
from this latter property, the limestone beds 
correspond closely to the shell beds of the 
Wadden Sea (VAN STRAATEN, 1950, 1952). 
These are formed mainly by the concentration 
of Mollusc shells on the floor of gullies and 
channels. As a result of lateral shifting of these 
water courses the shell concentrations may 
eventually give rise to extensive beds (fig. 3). 

Mudzpebble conglomerate,s 
(plate 2, D) — Although of a very limited 
volume, mud pebble conglomerates are of 
widespread distribution throughout the Psam- 
mites du Condroz. They are often seen at 


Quarry at Dinant: Ass. d’Evieux. 
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3 I. BELLIERE, 1951. 
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Fig. 6 — Section through 14 meters of sediment in 
the Assise de Montfort (Fa2b), Quarry 15 (Poul- 
seur B). The lowermost beds correspond roughly 
to the Calamanes, the level at the base of the Fa2b. 
Dotted parts: sandstone; striated parts: shales; wavy 
lines: ripple marks; w: wave ripples; arrows: direct- 
ion in which laminae are inclined (ripple bedding); 
arrows to the left: inclination in N directions; 
arrows to the right (lacking in presented part of 
section): inclination in S directions; c: current rip- 
ple bedding: tr: tracks of creeping animals; short 
vertical wedges: mud cracks; pockets: load casts. 


the base of wash-outs. The mud pebbles are 
generally of a flattened shape in accordance 
with the finely laminated nature of the mud 
beds from which they were derived. As a rule 
they are surrounded by a matrix of sandstone. 
In many cases their formation must have been 
initiated by cracking of the mud. In rare in- 
stances (quarries nrs. 2 and 20) the transition 
of cracked mud to a bed of mud pebbles may 
be directly observed. 
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Fig. 7 — Wash-outs in Quarry at Martinrive (27). The strata (Assise de Montfort) which are turned 
up vertically, are seen from the under side (i.e. from the south). Four qgullies have been cut into the 
horizontally bedded sediments. The latter show, on the right hand (eastern) side, a system of (longi- 
tudinal ?) wave(-current ?) ripples (G) with constant directions on the successive bedding planes. The 
waves travelled from the upper left to the lower right corner, i.e. from SW to NE. The floor of the 
wash-outs is covered with mud pebbles (B), washed debris of Cryptogams (C) and current ripples (A). 
The last named were formed by currents from below upwards, or from N to S in the original position. 
The horizontal sediments are cut off sharply at D, but curve round at the higher level at E (thus mark- 
ing the original upper edge of the incision(. At F: load casts. Horizontal dimension of figure: 22 meters. 


Depositional structures giving rise to ball-shaped load casts. The 

Wash-outs. — Wash-outs are seen sand fillings may show foreset bedding or 
in many quarries [nrs. 5, 9, 15, 17, 18, structures due to current ripples. In the most 
20, 23 27, 29, 30; 3 (Fa 2c)]. Just as in westerly wash-out at Martinrive these ripples 
the Wadden Sea they may show bottom de- peint to a current flowing towards the south. 
posits of mud pebble conglomerates [quarries The number of observed wash-outs was too 
nrs. 9, 18, 27, 29, 30; 3 (Fa 2c)] or of shellbeds small to permit conclusions about a systematic 
[quarries nıs. 23; 3 (Fa 2c)]. On the floor of  orientation. Adjacent or superimposed qgullies 
two of the gullies in the Martinrive-quarry may be of constant directions. In the exposure 
large fragments of the stems of plants, re- at Martinrive four gullies were formed parallel 
sembling Calamites, are concentrated (fig. 7). to each other, all running (in their original 
The wash-outs are filled up with sandstones, position) in N-S directions. Instead of under- 
shales or sandy limestones. Often the filing going a gradual lateral migration these gullies 
material is distinctly richer in clayey fractions apparently became silted up from time to time 
than the surrouding beds. Sometimes it is only to become re-incised at only slightly different 
the lower part of the fillings which is of a places. At Rivage B (20) three gullies (perhaps 
muddy character. In such cases (fig. 7, 8) the four) were observed, lying at different levels, 
overlying sand may have sunk into the mud. exactly above each other (fig. 8). The constant 


position of these wash-outs must have been 
caused by compaction of the muddy fillings, 
thus occasioning a long lasting depression of 
the surface, notwithstanding the repeated 
coverings with sand. 

All these properties, the phenomenon of the 
load casts only excepted, correspond com- 
pletely to those of the gullies and channels in 
the actual Wadden Sea. It is only in their 
dimensions that a difference exists. Whereas 
the incisions in the Wadden Sea floor range 
in depth from a few cm to scores of meters, 
their width varying accordingly, the wash-outs 
of the Famennian deposits seem to be always 
of rather small sizes. Usually the depth is less 
than 1 meter. Only in a single case (Menage, 
18) a wash-out of some 3 meters depth was 
observed. 

einstarteral rosslaminations 
laugescalephenomena) = In 
connection with the question of the channel 
depths, it should be mentioned that in several 
quarries beds of sandstone are seen which show 
large-scale unilateral cross laminations, with a 
constant direction and inclination of the lami- 
nae over ihe whole length of the exposures. 
Ihe thickness of these beds may be up to a 
few meters. They give the impre<sion of being 
formed as the foresets of a delta, the laminae 
having been deposited in the direction of the 
currents. This seems to be in good agreement 
with their often remarkably even thickness. 
Another possibility is that they represent the 
lateral deposits of channels. These channels 
must then have shifted sideways over con- 
siderable distances, since their borders are not 
exposed. If all, or at least a part, of these beds 
are due to gullies or channels, the average depth 
of the wash-outs becomes, of course, somewhat 
greater. Still, even so, they can hardly be com- 
pared to the channels of the Wadden Sea. 

Paralfel’stratification. — The 
Psammites du Condroz of the investigated 
area are characterised, notwithstanding the 
occasional presence of minor wash-outs, by a 
very regular, even stratification. The regulari- 
ty is so pronounced that Belgian geologists 
were able to trace the detailed succession of 
the thicker sandstone complexes between 
various exposures over distances of several 
miles (ANCION, MACAR et SNEL, 1947). 

It is rather difficult to form an idea about 
the degree of parallelism in the Holocene 
Wadden sediments. Information about these 
latter is gathered mainly from boring data. 
Excavations are made only in exceptional 
cases, for technical purposes, and stay open 
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only for a short time. Even if such exposures 
cut through the whole succession of Holocene 
Wadden sediments, a comparison between the 
two formations is rendered difficult by the fact 
that the total thickness of the Holocene series 
does not surpass some 30 meters. Probably the 
largest excavation which has ever been present 
in the marine Holocene of the Netherlands is 
visible at the moment at Velsen ONE.) IE is 
opened for the construction of a tunnel below 
the North Sea Canal. Here the Wadden sedi- 
ments are only 13 m thick. The scarce data 
which can be gained from such exposutres, 
however, seem to point to a more irregular 
stratification, with cross bedding in all direc- 
tions, with abundance of wash-outs and con- 
siderable lateral variations in the separate beds. 


Fig. 8 — Wash-outs in Quarry at Rivage (20). 
Three qullies have been formed at different levels, 
exactly above each other (bold lines). This con- 
stant deposition was the result of differential com- 
paction, the comparatively muddy fullings of the 
gullies being stronger compressed than the surround- 
ing sand beds. Load casts have been produced at 
the bottom of the qullies. 

Moreover, if one considers the dimensions of 
the channels in the actual Wadden Sea, and 
their rapid changes in shape and position, it 
seems unlikely that a deposit, as evenly bedded 
as the Psammites du Condroz could really 
be expected. 

Minor structures. — Lamina- 
tions of mud and sand material are a most 
typical property of the Upper Famennian sedi- 
ments. The separate laminae, both of the sand 
and of the mud, range in thickness from a few 
cm down to fractions of a mm. In the Wadden 
Sea such laminations are equally abundant. 
Here they are formed on mud flats and on the 
floor and the banks of tidal gullies and chan- 
nels, The mud laminae are deposited at the 
turn of the tides, or, in general, during stages 
of quiet water conditions. Sand laminae are 
mainly formed by the ebb and flood currents. 
On mud flats and on channel banks they may 
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also be produced by wave action. Often the 
sand laminae are not so much the result of 
deposition by these agencies, as well of 
washing out of the mud from an original de- 
posit of mixed composition. 

The laminations are of a sublenticular 
character. Parallelization of the detailed suc- 
cession of the laminae between two sections 
becomes already impossible with a distance of 
only a few or even one meter. ’T'he regularity 
known e.g. from varved glacial clays, in which 
the separate laminae may be traced over dis- 
tances of many kilometers, is completely ab- 
sent. Nor do the laminations of the Wadden 
deposits and of the Upper Famennian reach 
the smaller degree of regularity which is found 
in many fresh water or swamp sediments of 
the Dutch coal measures. 

The laminations found in the Psammites du 


Load casts. — Structures due to the 
sinking of sand into the underlying mud are 
extremely common in the Psammites du Con- 
droz (fig. 9; plate 2, D). They have been the 
subject of detailed investigations by MACAR 
(1948). This author described their internal 
textures and their various forms; balls of a 
more less flattened shape, but convex to all 
sides, structures with convex lower sides but 
flat or even slightly concave upper sides, balls 
in statu nascendi. which are still attached to 
an overlying layer of sandstone, etc. In most 
cases they are, according to MACAR, the result 
of two processes: a vertical subsidence of sand 
masses into the underlying mud and a lateral 
movement due to sliding of the whole complex. 
Sometimes these two processes may have been 
of equal importance; in other cases one of the 
two dominated over the other. In a later 


Fig. 9 — Vertical sections of load casts from the Upper Famennian (Fa2b). A, B and C. Rivage A 


(19); D: Rechopre (17). 


Condroz were always of the kinds which, in 
the actual Wadden Sea environment, are 
formed below the level of mean high tide. 
Typical marsh laminations were never ob- 
served. 

Ripple bedding. — The sand of the 
sandstone laminae shows often ripple textures. 
These may be either of current tipple or of 
wave ripple origin. Whereas the thinner sand 
laminae correspond usually to a single stage 
of ripple formation, sandstone beds of I cm or 
more mayshowa complex structure 
due to several successive stages of tipple 
formation. Similar structures are encoun- 
tered in the recent Wadden deposits (ef. 
HAENTSZCHEL, 1936, fig. 7) 


publication (1951) the same author described 
a similar structure from the Zuiderzee-deposits 
in the Netherlands, dating from historic times. 
In this case lateral movements of a slumping 
nature were out of the question. As to the 
Famennian instances, it is a remarkable fact 
that they are hardly ever associated with dis- 
tinct intraformational folding, as one would 
expect from ordinary slump deposits (cf. e.g. 
VAN STRAATEN, 1949). On account of these 
circumstances the term slump balls should bet- 
ter be avoided. It leaves no doubt, on the other 
hand, that in all cases vertical subsidence of 
sand masses into mud has been at least an 
essential part of the formation process. SHROCK 
(1948) refers to these structures as flow casts. 


In a personal communication to KUENEN, this 
author agreed with the latter’s suggestion to 
replace this term by load casts. 


The structures range in size from a few 
meters in horizontal diameter to about 1 mm. 
The typically rounded balls, with their more 
or less concentric laminations, are mostly not 
smaller than a few cm in diameter. Finer 
structures are normally of an imperfectly 
developed character and are most often at- 
tached to the overlying sand beds. The very 
smallest structures are hardly more than slight 
depressions of the sand laminae. In some cases 
they may lend a more or less stylolithic ap- 
pearance to the bedding planes, dividing the 
sand from the mud. As a rule the subsidence 
of the sand into the mud resulted in a down- 
ward curved lamination of the balls (fig. 9 A, 
B,CG; plate 2, D). In rare cases the downward 
flow reached the underlying, harder sand bed 
and became reversed sideways into an up- 
turned flow, producing ball-shaped structures 
with upward curved laminae (fig. 9, D). 


Well-shaped balls are sometimes found 
on the floor of wash-outs (Rivage B, 20; Mar- 
tinrive, 27). Under these circumstances one 
might suppose a slumping of the sediment from 
the sides to the centre of the gullies to have 
helped their formation. In other places the 
beds of balls may lack all indications of as- 
sociation with original slopes. "The beds lie 
perfectly parallel with the other strata, in 
which wave ripples may be seen, which present, 
over large surfaces, absolutely constant shapes, 
dimensions and orientations, thus pointing to a 
horizontal position of the original beds. 


In the Dutch Wadden Sea deposits only 
irregular casts with diameters of at most a few 
mm are met with. Larger structures and well 
shaped balls like those of the Famennian have 
as yet never been found. The mud of the en- 
vironment of the Psammites du Condroz has 
apparently been in a much softer condition. 
The author tried a few times to produce these 
structures experimentally, by strewing sand on 


4 MAcAR uses 
„Pseudonodules’'. 

Structures of the same kind are often seen in 
deposits with graded bedding (Kurnen. 1953). 

It may be mentioned here that the phenomena 
have been described quite often in German literature. 
As a rule, however, they were interpreted errone- 
ously, viz. as the fillings of hollows due to erosion 
or as products of superficial flows of sediment 
(„Flieszwülste”, Geflieszmarken, e.g. RICHTER, 
1935). This latter interpretation led not infrequently 
to a confusion of top and bottom of the strata. 


the non-committing expression 
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recently deposited mud both on tidal flats of 
the Dutch coast and on those of the Hamford 
Water estuary on the coast of Essex (a 
locality well known for the sloppiness of its 
mud, cf. STEERS, 1946). No significant sub- 
sidence of the sand was observed. The cause 
of this different behaviour of the mud remains 
an open puzzle. No essential difference in 
lithology was found between the Upper Fa- 
mennnian shales and the Wadden Sea muds. 

Beurmowıngestruetures - Bur- 
rows, probably the products of invertebrate 
animals, are quite common throughout the 
Psammites du Condroz. In all observed cases 
they were devoid of any remains of the orga- 
nisms by which they were created. No bivalves 
of Lamellibranchs in living position were en- 
countered, although these Molluscs form a 
common element of the current-deposited shell 
beds in the same strata. 


Fig. 10 — Vertical sections of burrows. A: Rivage 


B (20); B: Hout-si-Plout (8); C: Martinrive (27). 


The borings are mainly of a vertical or only 
slightly inclined (or curved) position, "This 
should not lead to the conclusion that horizon- 
tal burrows were not more abundant originally. 
In the Wadden sediments, in which both verti- 
cal and horizontal burrows are being made 
continuously, only the former are as a rule 
preserved in the "fossil’' state. Unless they are 
filled up immediately with sediment reworked 
by the animals themselves, the horizontal 
borings are easily pressed together, soon after 
they have become abandoned. At best, ıu- 
distinct disturbances of the bedding are the 
result. Vertical burrows on the other hand are 
much more liable to fossilization. The material 
with which they are filled up may contrast 
strongly with the surrounding sediment, both 
in composition and in structure. Often the 
Hllings are formed by lateral flow or sliding 
of the wall material (fig. 10, A). Sometimes 
the walls are hardened, the filling material 
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being supplied exclusively from the surface of 
the deposit. In both cases an internal structure 
with downcurved laminae may arise. 

An example of the rare, horizontal type of 
burrows in the Psammites du Condroz is a 
structure, very much resembling Chondrites 
described by RICHTER (1928, 1941) from the 
Hunsrückschiefer (Lower Devonian) in Western 
Germany. It is characterized by a radiating 
pattern of branched, sand filled tubes and was 
observed near the base of the Assise de Mont- 


Fig. 11 — Burrows with double openings, Rivage 
B (20). A and C: vertical sections: B: horizontal 
section of lower part of sample A. 


fort (Calamanes) in the quarries at Souverain 
Pre (11,13) and Aywaille (29). At other levels 
it was found e.g. at Dinant (3) and Trooz (E 
of Liege). 

At least two types of vertical burrows may 
be distinguished: those with one and those with 
two openings. The kinds with a single opening 
are much more widespread. They are of all 
sizes, ranging in diameter from only a few mm 
to more than 2 cm, and up to a few dm in 


depth. The openings are sometimes funnel- 
shaped. On the bedding planes they are often 
marked as small depressions, which at first 
sight resemble rain drop imprints, although a 
closer inspection reveals many essential dif- 
ferences. Markings of rain drops have been 
mentioned frequently in Belgian geologic lite- 
rature as found in the Psammites du Condroz. 
Yet, although the present writer has been con- 
stantly on the look-out for these features he 
did not find one single unambiguous example. 
Therefore, without wishing to deny the pos- 
sibility of their presence, he cannot but doubt 
sincerely these older data. 


Examples of the other group of burrows, 
those with double apertures, are shown in fig. 
11. Here also, a wide range in dimensions is 
found: from about 2 cm horizontally and 1 cm 
vertically to 10 cm horizontally and 20 cm 
vertically. The structures may, perhaps, be 
compared to the so called Diplocraterion. 


The burrows are usually more or less isolated 
from each other. In some cases however they 
are so crowded that all traces of the finer 
iamination have been obliterated. The struc- 
ture of the sediment is then very similar to 
that which is often found on the higher parts 
vicinity of the high tide level (plate 1, A 
and B). 


Bedding plane markinge 
tracks and trails. — The bedding 
planes of the Psammites du Condroz are very 
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Fig. 12 — Tracks of creeping animals. A—D cross 
sections; E: track seen from lower side (width 
12 mm). 


commonly marked by the tracks and trails left 
by creeping organisms, Their diameter varies 
mostly between about 2 mm and 2 cm. They 
may show different kinds of cross sections 
(fig. 12, A-D). Not infrequently a finely im- 
printed transverse relief is observed, which is 
caused by the rhythmic foreward motions of 
the animal (fig. 12, E). The course of the 
trails may be quite randomly curved in all 


directions, or it may be comparatively straight 
over distances of many feet. Sometimes ser- 
pentine trails are met with [Quarries Martin- 
rive (27) and Aywaille B (29)] in which the 
successive slings run parallel to each other, with 
constant interspacings, in the manner of the 
well known Helminthoides of the Alpine Flysch 
(cf. ABEL, 1935; RICHTER, 1924, 1928, 1941). 


Problematica. — Among the nu- 
merous ploblematica one kind may be men- 
tioned especially, viz. those, consisting of ring 
walls of circular, oval or other shapes (fig. 13). 
Specimens were found in three quarries [Quar- 
ries Aywaille A (28), Awaille B (29), Sougne 
(30)], unfortunately only in loose material 
from heaps of quarry talus, but all in exactly 
the same type of rock, a finely laminated sand- 
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Mudcracks. — The shales of the 
Psammites du Condroz are very commonly 
cracked. Most of the cracks are of compara- 
tively small dimensions (fig. 14). Their width 
rarely surpasses 3 or 4 mm; their depth varies 
between a few mm and a few cm. As a rule 
the cracking is of the "incomplete” type (cf. 
SHROCK, 1948): bifid or trifid fissures, separated 
from each other by uncracked mud. They are 
mostly filled with sand. These fillings are either 
simple, vertical wedges, or they may show 
miniature foldings, more or less in the way of 
ptygmatic veins in crystalline rocks. The latter 
condition is in most cases the result of dif- 
ferential compaction, the sand fillings reacting 
by folding to the stronger compression of the 
surrounding mud. In other cases the folding is 


i i i i dies of which have 
Fig. 13 —R walls, possibly due to the embedding of stranded organisms, the bo 
het By. later Ba ehieten; A and B: Aywaille B (29); C: Aywaille A (30); D: Vertical section 


(diagrammatical). 


stone, rich in coarse flakes of mica. In all pro- 
bability they come from one and the same 
horizon. It is not impossible that the impressions 
are caused by a swarm of jelly-fish-like orga- 
nisms, which stranded on a flat. SCHAEFER 
(1941) discusses rather similar structures from 
the recent Wadden sediments, which develop 
when jelly-fishes become rapidly embedded. If 
burial takes place before the decay of the or- 
ganic material, the subsequent shrinking toge- 
ther of their bodies may give rise to ring walls 
in the covering sediment layers. 


probably due to lateral movements in the .mud 
(e.g. slumping). 

Mud cracks of this small, incomplete kind 
are known also from the present Wadden Sea. 
They are found on the banks of gullies and 
channels, where the ground water table sinks 
below the surface during the stages of low tide. 
Once such initial cracks are formed, they be- 
come soon filled with sand and are preserved 
during the subsequent tidal inundations. I£ the 
mud is still exposed during the next stage of 
uncovering, the fissures may become enlarged. 
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Fig. 14 — Mud cracks, Poulseur B (15), from level 
of 5 m 45 in section fig. 6. 
In this way they extend gradually until even- 
tually they abut against each other, a "com- 
plete”’ pattern being the result. The separate 
pieces of mud are easily loosened by the waves 
and currents and mud pebbles are then formed. 
Transitions between beds of cracked mud and 
beds of mud pebble conglomerates are en- 
countered also in the Psammites du Condroz. 
One might be inclined to the opinion that the 
abundance of this type of mud cracks in the 
Upper Famennian shales points to a deposition 
above the level of the lowest tides. Yet, cores 
taken from the floors of Wadden Sea chan- 
nels, at depths of several meters below this 
lowest-tide level, show often small, sand filled 
fissures in the mud laminae, The diameter of 
the cores is not sufficient to allow conclusions 
about the kind of pattern which is formed by 
these fissures on the bedding planes. But typical 
patterns of mud cracks, completely comparable 
to those found in the Psammites du Condroz 
were observed by the author in the channel 
floor deposits exposed in the excavation at 
Velsen (N.H.). It can hardly be doubted there- 
fore, that the same cracks develop also under 
a permament covering by water. The possibility 
of the cracking of muds under water is already 
generally admitted in sedimentological litera- 
ture (cf. RICHTER, 1941; SHROCK, 1948: 
TWENHOFEL, 1950). The data about this phe- 
nomenon are, however, extremely scarce. 
MOORE (1914) reported (large) cracks formed 
in a lake bottom, which he explained as the 
result of freezing and thawing of the mud 5. 
The other 2 references known to the author 
concern observations in the laboratory ("TWEN- 


5 Whatever the possible effects of freezing and 
thawing may be, it is certain that in the cases of 
the Wadden Sea and of the Famennian the cracks 
cannot be regarded as the negatives of ice ery- 


stals, since they are always of rather irregular 
outline. 


HOFEL, 1923: volcanic ash; JUENGST, 1934: 


clay and sandy clay). 

Apart from the abundant cracks of the kind 
treated above, another type is found in the 
Psammites du Condroz, although much less 
frequently (plate 2, C). They are of greater 
dimensions, often more than 1 cm wide and 
they are more widely spaced. The patterns are 
of the complete type. This kind of cracking 
occurs in the Wadden Sea environment in 
the vicinity of the high tide level. They are 
not limited to horizontal surfaces. Vertical 
sections of cliffed marsh edges may show the 
same kind of cracks. It seems certain that these 
cracks are produced only subaerially. With the 
exception of one, rather doubtful specimen 
[Lustin (1)], the examples, observed in the 
restricted to the 


Upper Famennian, were 
Assise d’Evieux [Rouvreux (26); Aywaille 
(29)]. 


Ripple marks. — The Psammites du 
Condroz are particularly rich in ripple mar- 
kings. They belong to various kinds, all of 
which are known also from the Wadden Sea: 
transverse current ripples, both with rectilinear 
or crescent-shaped crests, symmetric and asym- 
metric wave ripples, double wave ripples and 
interference wave ripple patterns. Longitudinal 
wave-current ripples (VAN STRAATEN, 1951) 
may be present, but the exposed parts of the 
bedding planes were, in these cases, too small 
to permit a definite conclusion. Other types 
of ripple marks, such as rhomboid ripples and 
sand waves, were not observed, although 
diligently searched for. 

Both the wave ripples and the current 
tipples are sometimes of the "incomplete" kind 
(SHROCK, 1948), i.e. developed as isolated 
ridges on an otherwise plane surface. 


Current ripples. — In some cases, 
where current ripples have been formed, no 
distinct relief of ridges and troughs is found 
on the bedding planes. After the formation of 
the first ripples the sand supply continued and 
the sediment was covered by material in which 
the rippling died out more or less gradually. 


The position of the crests is transverse to 
the general current direction. Exceptions are 
found on the sides of gullies, where a strong 
lateral decrease in current velocity exists. The 
tipples tend to curve backwards, at the same 
time diminishing in wave length (fig. 7). In 
the Wadden Sea channels and qgullies this 
bending of the ridges may even lead to the 
development of longitudinal wave-current 
ripples. This happens in a narrow zone along 


the borders, where wave motion reaches down 
to the bottom. 

Wiave-ripples. — Most of the 
tipples, seen in the Psammites du Condroz, are 
produced by waves. Their A ranges from about 
2 cm to 12 cm; usually it lies between 4 and 
6 cm®. The ripple indexes (= wave length 
divided by ripple height), which were measured 
varied from 5 (fig. 15, C) to more than 20. 


Fig. 15 — Vertical sections of wave ripples from 
the Upper Famiennian. A and B: diagrammatical: 
C: sample from Richopre (17). The laminae are 
inclined towards the south. 


In many text books the opinion is still held 
that wave ripples are symmetrical in cross 
‚section and that by this property they can 
easily be distinguished from the asymmetrical 
current ripples. Evans (1941, 1949; cf. also 
AYRTON, 1910) pointed out already the in- 
exactness of this idea. In fact, wave ripples 
with purely symmetrical cross sections are 
more the exception than the rule. A better 
classification seems to be as follows (VAN 


STRAATEN, 1953 A, B): 


(1) symmetrical wave ripples, with a sta- 
tionary position of the crests (fig. 15 A); 


(2) Asymmetrical wave ripples, the crests of 


6 Symmetrical wave ripple marks with wave 
lengths of about 5 cm are produced on the Wadden 
Sea flats mainly in depths of I to 3 meters. Dis- 
tinctly asymmetric wave ripples of the same wave 
lengths may be formed in much smaller depths. 
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which travel in the direction of their 
steeper sides (fig. 15, C); 
(3) Current ripples. 


All transitions between (1) and (3) are en- 
countered. When the sea is so shallow that 
waves, arriving out of deeper water, begin to 
have an effect upon the bottom relief, the 
wave motion itself is changed as well. A more 
asymmetrical movement of the water particles 
takes place, their "shoreward” swings becoming 
stronger than those in the opposite direc- 
tion. When wave ripples are markediy asym- 
metrical it is practically impossible to distin- 
guish them from "true current ripples. 
Certainty in identifying ripples as formed by 
waves is probably had in the following cases: 


(a) When the ripple index is distinctly less 
than 10; 


(b) When the stoss sides are, in cross section, 
notably shorter than 3 times the lee sides; 


(c)When the ripples show a tendency to de- 
velop interference patterns. 


Micro-ripplings. — Numerous 
exemples are observed in the Upper Famennian 
of a more or less symmetric type of ripples, 
with aA of only 2 to 7 mm (fig. 9, B, C, upper 
side of samples). They are probably due to 
waves, but no recent parallels are known to 
the author. Illustrations of this kind of micro- 
relief are given by RICHTER (1931, fig. 12) and 
SHROCK (1948, fig. 79) ?. 

Double wave ripples were found 
only in two quarries [Esneux (9); Comblain-au- 
Pont (23)]. They belong to the kind in which 
the crests are split up by small, secondary 
troughs (VAN STRAATEN, 1953b, fig. 10 b). 


Interferense pattiermssee(plate 
2, A). — Both symmetrical and asymmetrical 
wave ripples may show interference patterns. 
They show large variations in dimension, the 
wave lengths ranging from 5 cm to 20 
[Aywaille A (28)] or 30 cm [Marttinrive (27)]. 
The lamination of the ridges is sometimes 
of pronounced asymmetry, just like the wave 
ripples of fig. 15, C. In other cases (fig. 15, B) 
it is more symmetrical, showing at most a slight 
displacement of the crests as sedimentation 
went on. 


7 It should be noted that ridges and troughs of 
the same shape and dimensions were found by the 
writer in the Lower Cretaceous of Algeria, N. of 
Teniet el Haad. Here they were restricted to the 
lower sides of sandstone beds, resting on shales. In 
all probability they represent a special type of load 
casting. 


40 

The patterns are due to the simultaneous 
existence of two (or more) interfering sets of 
waves. There are several possibilities to account 
for such a condition: interference of refracted 
swell waves with wind waves which are locally 
formed; the meeting of two sets of swell waves: 
formed: the meeting of two sets of swell waves; 
against obstacles. In the Wadden Sea it is 
mainly the last named process which gives rise 
to the best developed patterns ®. 

Orientations of wave-formed 
ripple marks. — A conspicuous pro- 
perty of the wave ripples in the Psammites du 
Condroz, is the preferred orientation of the 
crests along E-W to SE-NW  directions 
(plate 2, B). This holds true both for single 
systems of ripples and for the dominant ridges 
of interference patterns®. In most of the ob- 
served cases the laminations were asymmetrical 
and pointed to an approach of the waves from 
the S of SW (cf. fig. 6). It seems probable 
that the prevailing winds came from these 
same directions. 


Relative .abundamee of rup- 
ples. — Wave ripples are, on the bedding 
planes of the Psammites du Condroz, of much 
greater abundance than current ripples. "This 
is partly due to the fact that the relief of cur- 
rent ripples is often obscured by later deposi- 
tion of sand, whereas the wave ripples are 
more usually covered with mud. This condition 
facilitates the splitting of the rocks along 
wave-rippled bedding planes. Notwithstanding 
this circumstance, however, it leaves no doubt 
that wave ripple marks are at least equally com- 
mon as current ripples. Quite a different situa- 
tion is found in the Dutch tidal flat sediments. 
They are characterized by a strong dominance 
of current ripple marks. This does not imply 
that wave ripples are only rarely formed in the 
Wadden Sea. On the contrary, they are seen 
nearly every day, over large surfaces of the 
flats. But when such ripples have been formed 


® In some cases the two sets of ripples have been 
formed one after the other, as a result of a change 
in wave direction. These patterns should then be 
classified in the group of the meta-ripples (Van 
STRAATEN, 1953, a, b). 


9 51 bedding planes with wave ripples were 
studied in 23 quarries. The crests of Ar BA 
were directed E-W to SE-NW in 80 % of the 
cases (i.e. when the strata are thought to be turned 
back in their original, horizontal position). Some 
2095 ‚of these observations concern the „Gala 
manes , the horizon at the base of the Assise de 
Montfort (quarries 6, 11, 12, 13, 15, 16, 17, 29, 30) 
In these latter beds the percentage of E—-W or 
SE—NW directed crests amounts also to ahont 80. 


at a given moment, the are soon disturbed by 
the manifold destructive agencies, such as 
current activity, change of wave direction and 
burrowing organisms. Added to this comes the 
unfavourable circumstance of the low rate of 
"vertical sedimentation” (cf. p. 27). The up- 
ward growth of the flats amounts, in the 
average, to a few mm per year at the utmost, 
or only a few u per tide. Better conditions for 
the preservation of ripple marks are found on 
the banks of gullies and channels, with their 
much quicker "lateral deposition”. At these 
places, however, wave action is usually sub- 
ordinate to the influence of the tidal currents. 

Another difference between the Psammites 
du Condroz and the Wadden Sea lies in the 
relative abundances of interference wave ripple 
patterns. Whereas they are commonly seen 
in the first named formation, they are not at 
all frequent in the Wadden Sea. 


Organic remains 

Fauna. — The fauna of the Wadden 
Sea is of an impoverished character: a re- 
stricted number of species in enormous numbers 
of individuals. Of the larger organisms (mainly 
worms, Molluscs and Crustaceans) only the 
shells of Molluscs are preserved in appreciable 
quantities as fossils of the future10. Where 
erosion by gullies and channels is slight and 
where the rate of deposition is low, as on 
many tidal flats, concentrations may be formed 
of the pairs of Mollusc shells in their living 
position, e.g. of Cardium edule L., Macoma 
balthica L., Scrobicularia plana DAC., and Mya 
arenaria L. The floors of channels are some- 
times constituted of peat or old, compressed 
beds of clay. These sediments can resist erosion 
for a long time, and when no deposition takes 
place they may become inhabited by dense 
populations of boring Molluscs such as Barnea 
candida L. or Petricola pholadiformis LAM. 
(cf. VAN STRAATEN, 1952). 

More commonly, however, the shells of the 
Molluscs are washed away during stages of 
erosion by currents or waves, either after the 
death of the animals, or causing their death. 


10 Spines of echinids are also widely distributed 
in the Wadden deposits. Nearly all of them belong 
to Echinocardium cordafum Penn., a species which 
does not live in the Wadden Sea itself. The spines 
are washed in from the North Sea by the flood 
currents (just like the greater part of the sand and 
the mud). Only few spines are found of the true 
Wadden Sea echinid Psammechinus miliaris 
(GmEL). They are mostly confined to channel floor 
deposits, in consequence of their smaller floating 
capacity, 
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The shells are then transported for a more or 
less prolonged period, until they become con- 
centrated in separate beds, on beaches and at 
certain places on the banks of channels, or, 
which is the most usual case, on the floor of 
channels and gullies. 

The shells are, during the transport, subject 
to precesses of selection and sorting. These 
may result in the concentration of one single 
species. Deposits are found at the foot of 
marsh cliffs, which consist mainly of the round 
tests of Littorina littorea L., or of the light 
shells of Aydrobia ulvae PENN. The bottoms 
of gullies are sometimes covered by a pave- 
ment of the valves of Mya arenaria L. 


The concentration of .shells is not always 
due to moving water. It may occur also in the 
sediment itself, at some 20 to 40 cm below 
the surface, by the burrowing activity and 
special habit of feeding of the lug-worm 
Arenicola marina L. (cf. VAN STRAATEN, 
1952). 

As far as can be gathered from the available 
literature, the Psammites du Condroz are cha- 
racterized, just like the Wadden sediment, by 
a specialized fauna. There are comparatively 
few species, but some of these are found in 
great numbers of individuals, e.g. the Brachi- 
opod Spirifer verneuilli MURCHISON and some 
kinds of Lamellibranchs (MOURLON). It is true 
that, already in the days of MOURLON the total 
number of species, mentioned from this for- 
mation, was somewhat greater than that of the 
present Wadden Sea, and that since then this 
number has still greatly augmented (DESTINEZ 
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many cases the original structures of these 
beds have disappeared by later recrystallization 
and more or less massive limestones may be 
the result. But even then the small thickness 
of the beds, the lateral pinching out and the 
admixture of sand point to an origin as a clastic 
sediment. 

A difference between the two investigated 
formations exists in the distribution of shell 
pairs of Lamellibranchs in the position of life. 
In the Psammites du Condroz they are, to say 
the least, most infrequent. The present author 
did not find a single instance, nor is he aware 
that examples have been found by other in- 
vestigators. It is difficult to account for this 
rarity. A diagenetical solution of these shells 
seems hardly likely, as the sediments them- 
selves show as a rule no sign of decalcification. 

Another difference is the presence in the 
Upper Famennian of more or less abundant 
ossicles of Crinoids. Some beds of limestone 
are composed almost exclusively of this ma- 
terial. Since the climate was probably warmer 
than in the Wadden Sea area, this property 
presents no serious problem. 

Flora. — The Psammites du Condroz are 
rich in drifted plant remains. In the strata of 
the Assise d’Evieux they show sometimes a 
remarkably good state of preservation. "They 
have been the subject of palaeobotanical stu- 
dies by CREPIN, STOCKMANS (1948) a.o. The 
Assise de Montfort, on the other hand, is 
very poor in identifiable plant fossils. Highly 
worn and disintegrated fragments of vegetable 
origin are, nevertheless, of great abundance. 
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Wadden Sea (Average temperatures at Den 
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and later authors). This difference, however, 
is probably due to a warmer climate during 
the Upper Famennian. In the Basin of Arcachon 
(France), another tidal flat area, investigated 
by the author, a much richer fauna is already 
found, although the average temperature is but 
slightly higher (table 3). 

The shells of the Psammites du Condroz are 
also concentrated in separate beds, in many of 
which the valves lie embedded with a preferred 
orientation of their convex sides upwards. In 


Locally these remains are washed together. 
Such concentrations are found in the troughs 
of wave ripple marks, or on even parts of 
bedding planes. The upper side of sandstone 
layers may be strewn with comparatively large 
plant fragments, together with coarse flakes of 
mica. 

Furthermore, large stems are met with in 
the Assise de Montfort, which look somewhat 
like those of Calamites. Bedding planes were 
seen in the quarries at Martinrive, Aywaille A 
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TABLE4 — 


Similarities 


COMPARISON OF SEDIMENTOLOGICAL PROPERTIES 


| Differences 


General lithology, thicknesses of beds, mineralogy, grain 
size distributions. 

Presence of wash-outs, frequently with bottom deposits of 
mud pebble conglomerates, shell beds or muddy sediments. 


Presence of unilateral cross-laminations and of irregular 


Wash-outs in Wadden Sea more com- 
mon and of greater dimensions. 


Cross-laminations in Wadden deposits 


cross-bedding. 
Parallel stratification. 


(Sublenticular) laminations of sand and mud. 
Ripple bedding. 


Abundance of burrowing structures. 
Abundance of tracks and trails. 
Abundance of small-sized mud cracks. 


Presence of current ripples, symmetric and asymmetric wave 
ripples, wave-current ripples (?), double wave ripples, inter- 


ference wave ripple patterns. 


Impoverished fauna. 
Concentration of shells in separate beds. 


Abundance of drifted plant remains, 


more frequent. 
Stratification in Wadden deposits usu- 
ally more irregular. 


Absence (?) ° of marsh laminations in 
Assise de Montforf. 

Abundance of load casts of all sizes in 
the Psammites du Condroz, as opposed 
to the rare presence of only the smallest 
load-cast structures in the Weadden 


deposits. 


Large-sized mud cracks limited (?) to the 
Assise d’Evieux. 

Current ripples common and wave rip- 
ples rare in Wadden deposits, abundance 
of wave ripples and interference patterns 
in Psammites. du Condroz. 


Absence (?) of shells of Lamellibranchs 
in living position. 


and Aywaille B, on which these stems attain 
giant dimensions: 10 to 30 cm in cross section 
and 1 to 3 m long. 

From the position of these remains, with 
their long axes parallel to the stratification, it 
follows that they have all been washed in. Not 
a single case was observed in the Assise de 
Montfort of the investigated area where plant 
fossils were standing upright in the sedi- 
ment 11. It is very probable that the environ- 
ment was unsuitable for the establishment of 
a salt water vegetation of higher plants. The 
abundance of drifted material on the other 
hand, points to a well developed flora on the 
coasts, or to the presence of a large river, 
debouching in the vicinity, which carried great 
quantities of plant remains into the sea. 

The Holocene tidal flat sediments of the 
Netherlands are about equally rich in scattered 
vegetable material. But a great part of this has 
been derived from older peat deposits which 
were formed ‘during the preceding or inter- 
vening stages of continental conditions. In 


11 They are reported, however, from the Assi 
d’Evieux (REnIER, 1908, a.o.) — 


many beds, moreover, roots and stems of reeds 
(mostly Phragmites communis) are seen, 
standing in their original vertical position. They 
are brackish water sediments, formed along the 
borders of the Wadden Sea, or during periods 
of a retreating sea. 


GENERAL CONCLUSIONS 
Comparison between Wadden deposits and 
Psammites du Condroz 


The various similarities and differences be- 
tween the Wadden deposits and the Psammites 
du Condroz (Ässise de Montfort) are put 
together in table 4. 

Probability of tidal flat origin 

With the aid of the sedimentological data, 
given above, it may now be endeavoured to 
answer the question whether the investigated 
sediments were formed in a tidal flat environ- 
ment, comparable to the recent Wadden Sea. 
As regards the Assise de Montfort, it follows 
from the similarities enumerated in Table 4, 
that a far stretching analogy exists between the 
two formations. Yet, the differences are also 
numerous. For the greater part they point to a 


smaller importance of current action in the 
Famennian: the stratification is more regular; 
wash-outs, cross-laminations and current rip- 
ples are relatively scarce; wave ripples more 
widespread etc. The obvious conclusion, when 
holding on to a tidal flat origin, would be, of 
course, that the range of the tides must have 
been small. 

But even so one would expect the effect of 
the currents to be more pronounced. The volume 
of the waters, passing to an fro between 
the tidal flats and the open sea, depends on the 
range of the tides as well as on the surface of 
the tidal area. Where large basins have to be 
covered and uncovered alternatingly at each 
successive tide, this volume must be, in any 
case, of enormous magnitude. So long as the 
water masses can flow unhindered over the 
whole breadth of the zone separating the two 
areas, the currents may remain comparatively 
weak. But such a situation is not very likely. 
The great majority of recent tidal flat environ- 
ments is located behind a barrier bar or a 
barrier beach. It is precisely to these struc- 
tures, with their sheltering influence, that most 
tidal flat sedimentation is due. The communica- 
tion between the basin and the open sea is 
then reduced to a few narrow inlets, in which 
the currents attain considerable velocities, even 
in the case of a small tidal range. Starting from 
here, a dendritic system of channels and gullies 
is scoured out or held open. If the environment 
of the Montfort group had really been a tidal 
flat area, it seems that these incisions would 
have been larger and more numerous than what 
is actually seen in these strata. 


Probability of lagoon origin 


As an alternative hypothesis, the possibility 
‚should be considered that the environment, 
although showing many sedimentological cor- 
respondences to the Wadden Sea, was more 
of the nature of a tidal lagoon, with a bottom, 
which was permanently covered by water. The 
minor development of wash-outs is then easily 
understood. 


It is possible that a relation exists, all other 
factors being equal, between the range of the 
tides and the number and the dimensions of 
the tidal inlets. Weak tides would bring about 
only few inlets and these of comparatively 
small size. Under such conditions, the supply 
of sediment by the flood currents from the 
open sea must be of reduced strength and it 
might well happen that the relative bottom 
subsidence keeps ahead of the silting up of the 
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enclosed area. The development of tidal flats, 
emerging at low water, would then be retarded, 
a tidal lagoon being the result. Many examples 
of such cases are known from coasts of the 
present day, where the tidal range is small: the 
Haffe along the southern borders of the Baltic 
Sea, the ancient Zuiderzee in the Netherlands, 
the marginal lagoons in the deltas of the Nile 
and the Mississippi, the bays along the coast 
of Texas etc. 

To decide in these questions, one cannot 
merely consider the degree of correspondance 
in sedimentological character of the two for- 
mations. It should be examined also, what 
properties are unambiguous indications for 
certain conditions of deposition. A decisive 
argument for a tidal flat origin of the Assise 
de Montfort would be had, if it could be proven 
that at least a major part of the strata 
were deposited above the level of low. tides. 
When all evidence is weighed carefully, it 
appears that such proof is lacking. Burrows, 
tracks and trails of invertebrate animals, wave 
tipples and current ripples, laminations of sand 
and mud etc. are all formed both above and 
below the low tide level. Rhomboid ripple 
marks, sand waves, swash marks, rill marks !? 
and other features, pointing to deposition 
above this level were not encountered. No 
plant roots in the position of growth, nor marsh 
laminations were found. Unmistakable impres- 
sions of rain drops seem to be absent. Mud 
cracks, some rare cases perhaps excepted, are 
all of the kinds which originate subaerially as 
well as under water. Only the ring wall struc- 
tures of fig. 13 might form positive evidence, 
if at least they are really caused by the 
stranding of floating organisms like jelly fishes. 
But these imprints, although not found in situ, 
are derived in all probability from the Assise 
d’Evieux, or, at best, from the highest beds of 
the Assise de Montfort '?. 


12 Structures resembling somewhat to rill marks 
are frequently met with, notably on mica-rich bed- 
ding planes of red sandstones (flagstones). In all 
observed cases, however, they appeared to be due 
to miniature foldings of tectonic origin. 


13 The early consolidation of calcareous material, 
as suggested by the presence of limestone breccias 
and conglomerates, is perhaps an argument for sub- 
aerial conditions (KuENEN, personal communication). 
It is not yet proven, however, that cementation of 
this kind is impossible below water. Moreover, the 
author has no data concerning these rocks in the 
Montfort group. His own samples come from the 
Assise d’Evieux (Quarry at Dinant). BELLIERE 
(1951) does not enter into details about their strati- 
graphical distribution. 
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On account of these facts, it seems preferable 
to assume a lagoon environment for the sedi- 
mentation of the Montfort strata, at least for 
the main part of these beds. A minor part may 
still be of tidal flat origin. It is very likely 
that, along the borders of the lagoon(s), zones 
existed which emerged at low tides. "These 
tidal flats became perhaps of more universal 
expansion during the last stages of the Mont- 
fort period. 


Comparison with the Gulf coast environment 


Among the best investigated recent examples 
of such tidal lagoons, one may count the bays 
along the coast of Texas and Louisiana. A 
comparison of the Psammites du Condroz with 
these latter helps to elucidate several other 
data. 


Supply obterzwest mlal wate 
rial — In the actual Wadden Sea, in the 
North of the Netherlands, the sediment is 
derived practically exclusively from the North 
Sea. This applies to the sand and the silt 
(CROMMELIN, 1940, 1497) as well as to the 
clay fractions (FAVEJEE, 1951). It follows 
moreover from the distribution of the grain 
sizes, which decrease from the tidal inlets 
towards the inner shores (DOEGLAS, 1950, 
KonInG, 1950) !#. 


In the Gulf coast lagoons a part of the sedi- 
ments (KRUMBEIN, 1939; SHEPARD, 1953), is also 
brought in from the sea. But at the same time 
a more or less periodical influx of river water 
takes place from the other sides. In the Mis- 
sissippi delta this happens by the opening of 
crevasses in the natural levees of adjacent 
river distributaries. Subdeltas are deposited 


14 It should be mentioned, meanwhile, that in the 
area of the older 'Wadden deposits in the West of 
the Netherlands, large bodies of fluvial sediments 
were formed along the lower courses of the rivers 
Rhine and Meuse. A delta deposit of fluvial sands 
was built moreover where the Yssel distributary 
debouched into the Zuiderzee, 


from these waters, which may advance rapidly 
over the lagoon floor in seaward directions 


(RusSELL, 1936; BATES, 1953). 


It has been stated already that many sand- 
stone beds of the Upper Famennian show 
unilateral cross laminations. The inclination 
of the laminae is dominantly towards the South. 
These beds may well represent similar sub- 
deltas which were deposited as thin sheets in 
front of breaches in the river levees. 


While the normal colour of the Condroz 
sediments is grey of blueish grey, there are 
numerous intercalations of red sandstones. The 
shales, associated with these latter are mostly 
of the same red colour, but have occasionally 
a variegated red and green appearance. 
Towards the North these red sediments be- 
come increasingly abundant, thus forming a 
transition to the typical continental facies of 
the Old Red Sandstone. It is true that the 
colour does not provide conclusive evidence 
for a direct fluvial supply. Nonetheless, it is 
probable that before their final deposition the 
red materials did not undergo marine condi- 
tions for prolonged .periods, or else their colour 
would have changed to greyish tinges. 


The abundance of drifted plant remains and 
of the stems of giant Cryptogams is also in 
good agreement with the presence of rivers in 
the neighbourhood. 


Loadcastsandripples — 
The wide distribution of load cast structures 
is still an unsolved problem. One thing is cer- 
tain, all the same, viz. that it indicates an 
extremely soft, semifluid state of the mud at 
the time of deposition. Although virtually 
nothing is known about the actual occurrence 
of load cast phenomena, such a condition of 
the mud seems more likely on the floor of 
lagoons thans on the surface of tidal flats. As 
a matter of fact, RUSSELL (1936, p. 143) re- 
marks upon the soft nature of the oozes 
deposited in the bays of the Mississippi delta. 
He even hints to the possibility of the sinking 


PLATE 1 


A — Vertical section of laminated sandy marsh cla 
structures. From locality 2 km N of Zoutkam 


B — Vertical section of argillaceous sandstone. 


y resting upon sands of high flats with burrowing 
p (Prov. Groningen). Natural size. 
Original lamination disturbed by burrowing animals. 


Yvoir (2). Sample from higher levels of Assise de Montfort. Natural size. 


C — Vertical section of recent mud flat deposit, from Wadden Sea 


HAENTZScHEL, 1936). Natural size. 


D — Vertical’section of laminated sandy shale, Yvoir 


fort. Natural Size. 
E — Vertical section of recent chann 


F —- Vertical section of laminated sandy shale, 
Natural size. 


el floor deposit; from Wadden Sea 


below N.A.P.; sample 38—45 cm below surface). Natural size. 


Poulseur B (15), from level of 13 m 80 in section fig. 6. 


(N. of Wilhelmshaven, Germany; 


(2). Sample from higher levers of Assise de Mont- 


(Slenk, Lauwerszee, depth 8 m 
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down of larger masses of sand into this 
material. 

The environment of a lagoon, with its 
periodical supplies of great quantities of sedi- 
ment by rivers and from the sea, offers favour- 
able circumstances for a discontinuous upward 
growth of the deposits. On tidal flats this 
vertical growth is as a rule more gradual, owing 
possibly to the larger destructive effect of 
waves and currents, and to the more sharply 
established balance between the bottom mor- 
phology and the hydrodynamical conditions. In 
this way it can be understood how wave rip- 
ples and interference patterns are so much 
more abundantly preserved in the Psammites 
du Condroz than in the Wadden deposits. 


Possible reconstruction of the environment 
conditions 


The following picture of the conditions of 
formation is tentatively suggested. It will be 
noted that this reconstruction fits in quite well 
with the views, expressed by earlier writers 
(LERICHE, 1931, a.o.). In the beginning of the 
Famennian the open sea covered the whole 
investigated area. Deposition was of a domi- 
nantly muddy character: the lower Famennian 
shales. In later periods the shore advanced con- 
siderably to the south River-deltas may have 
been formed, notably in the region of the 
Ourthe Valley, since it is here that the Con- 
droz sediments reach their greatest thickness. 
The Assise de Montfort was then deposited in 
a complex of lagoons, along the sides of which 
tidal flats and marshes were probably present. 
Barrier structures formed the seaward bound- 
aries of this environment. In the open sea, 
beyond the barriers, sedimentation was mainly 
confined to fine grained material: the Upper 
Famennian shales. The weight of the littoral 
deposits caused a strong subsidence of the 
bottom. The total thickness of the Assise de 
Montfort and d’Evieux is about 350 meters in 
the Ourthe Valley. Towards the end of the 
Montfort period and during the deposition of 
the Evieux strata, the lagoons continued their 
existence, but tidal flat deposits, marsh sedi- 
ments and probably also the sands and muds 
of the levees and the beds of river distributa- 
ries became of greater importance. 


#5 
A last aspect of the problem remains to be 
discussed. This is the remarkable constancy of 
the facies over the whole thickness of several 
hundreds of meters. In the case of the Dutch 
tidal flat series a large change of conditions is 
found over a thickness of only 10 to 30 meters, 
resulting in the formation of true Wadden 
deposits, brackish water sediments and peat 
beds. The geosynclinal subsidence in the Upper 
Devonian, though possibly of low velocity 15, 
must have been very gradual. Still, the pos- 
sibility should be kept in mind that more 
changes in environmental conditions have oc- 
curred, than are reflected in the sequence of 
strata which was ultimately preserved. Marsh 
deposits, beds of peat and perhaps other con- 
tinental sediments may have been formed, only 
to be removed subsequently by erosion. The 
higher the level of deposition, the more the 
sediments are exposed to these destructive 
agencies. This is especially true when the 
deposition takes place above mean sea level. 
Erosion, mainly by waves, of marsh areas in 
and along the borders of lagoons is of regular 
occurrence in the Gulf coast area (RUSSELL, 
1936; SHEPARD, 1953). The sediments, laid 
down on the floor of the lagoons, on the other 
hand, have a very great chance of being 
preserved. 
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of hammer 33 cm; handle pointing up the dip. 
C — Mud of large type. Rouvreux (26). Assise d’Evieux. Length of hammer 33 cm. 
D — Vertical section of ball shaped load cast structure and mud pebble conglomerate. Poulseur B 
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AB E STNEEBRUARN 1954 


DE NATUURLIJKE MAGNETIZATIE VAN IJISLANDSE GESTEENTEN' 


J. HOSPERS? 


Het is reeds lang bekend, dat zowel stol- 
lings- als afzettingsgesteenten permanent mag- 
netisch zijn. Men neemt tegenwoordig vrij 
algemeen aan, dat deze permanente magneti- 
zatie ontstond toen het stollingsgesteente 
afkoelde of het sediment afgezet werd. Het 
eerste is inderdaad waargenomen in Japan en 
volgt ook uit de gemeten richtingen van de 
magnetizatie van historische lavastromen (b.v. 
die van de Etna en van de Hekla). De magne- 
tizatie ontstaat doordat de magnetiet etc., die 
in het gesteente in fiinverdeelde toestand aan- 
wezig is, gemagnetizeerd wordt wanneer het 
gesteente door de Curie temperatuur gaat en 
verder afkoelt in het omgevende aardmagneti- 
sche veld. Het tweede kan gemakkelijk aan- 
getoond worden door een sediment, b.v. klei, 
in suspensie te brengen en het te laten bezinken 
in het aardmagnetische veld van het labora- 
torium. Tijdens het bezinken worden de kleine, 
permanent magnetische deeltjes magnetiet 
blijkbaar enigszins gericht door het aardmag- 
netische veld en een zwakke magnetizatie van 
het sediment ontstaat. 


Op I]sland komen een groot aantal lavastro- 
men voor, die in ouderdom van 1947/48 (de 
laatste uitbarsting van de Hekla) teruggaan tot 
het Mioceen (of misschien zelfs tot het 
Eoceen), benevens wat sedimenten. De natuur- 
lijke magnetizatie van deze gesteenten is nu 
onderzocht. Het blijkt, dat de historische lava- 
stromen en andere lavastromen en sedimenten, 
die in de laatste helft van het Kwartair ont- 
staan zijn, alle gemagnetizeerd zijn in ongeveer 
dezelfde richting als het tegenwoordige veld. 
Komen we echter bij de Oud-Kwartaire lava- 
stromen en sedimenten dan blijken deze ge- 
magnetizeerd te zijn in een richting, die onge- 
veer tegengesteld is aan het huidige veld, d.w.z. 
de Noordpool van de magnetizatie wijst nu 
niet meer naar het Noorden en naar beneden, 
maar naar het Zuiden en omhoog. We noemen 
deze lavastroom en sedimenten omgekeerd 
gemagnetizeerd. Deze omgekeerd gemagneti- 
zeerde Oud-Kwartaire zone van lavastromen 


1 Lezing gehouden voor de Geophysische Kring 
op 18 November 1953. 


® N.V. „De Bataafsche Petroleum Maatschappij 
(Koninklijke / Shell Groep), 's-Gravenhage. 


kan over een horizontale afstand van 125 km 
in West-IJsland vervolgd worden. 

In de Tertiaire serie van plateaubazalten 
komen normaal en omgekeerd gemagnetizeerde 
series van lavastromen ook voor. ledere zone 
bestaat uit ongeveer 24 lavastromen. Op &en 
bepaalde plaats zijn twee normaal afwisselend 
met twee omgekeerd gemagnetizeerde zones 
waargenomen. 


Tabel 1 laat een vereenvoudigde stratigrafi- 
sche kolom met de normaal (N) en de omge- 
keerd (R) gemagnetizeerde zones zien; dit vat 
het voorgaande samen. 


Nu kan men zich allereerst afvragen hoe de 
normale magnetizatie (dat is, de magnetizatie 
ongeveer in de richting van het tegenwoordige 
veld) ontstaat. Men kan zich daarbij door de 
volgende overwegingen laten leiden: 


(1) De intensiteit van de natuurlijike mag- 
netizatie is ongeveer 5 X 10-3 gauss. De 
susceptibiliteit is ongeveer 10-3, zodat de in- 
tensiteit van de geinduceerde magnetizatie in 
het tegenwoordige veld (sterkte: 0.5 gauss) 
slechts 0.5 X 10-3 gauss bedraagt. Wanneer 
men echter handstukken verhit tot boven de 
Curie temperatuur van het gesteente (nabij 
580° C) en deze dan weer laat afkoelen tot 
kamertemperatuur en in het tegenwoordige 
veld, dan bedraagt de intensiteit van de aldus 
verkregen magnetizatie 7 X 10-3 gauss. Dit 
is van juiste orde van grootte, en ook steeds 
in de richting van het omgevende veld. 


(2) De richting van de natuurlijke magne- 
tizatie van stenen uit een conglomeraat kan 
gemeten worden. Men vindt dat b.v. voor een 
conglomeraat dat al 1-1 X 106 jaren oud is, 
de magnetizatie van de individuele stenen nog 
in alle richtingen wijst. De magnetizatie wordt 
dus niet „bijgedraaid” tot deze in de richting 
van het tegenwoordige veld ligt. 


(3) De gemiddelde richting van magnetiza- 
tie van een serie lavastromen kan vergeleken 
worden met de richting van het tegenwoordige 
magnetische veld ter plaatse alsook met de 
tichting van het zogenaamde dipoolveld. Het 
dipoolveld is het veld, dat zou ontstaan door 
de aanwezigheid van een magnetische dipool 
in het middelpunt van de aarde en gericht langs 
de aardas. Of in iets andere woorden, het veld 


dat zou ontstaan als de magnetische polen zou- 
. den samenvallen met de geografische polen. 
Het blijkt nu, dat vrijwel altijd de gemiddelde 
richting van magnetizatie beter overeenstemt 
met het dipoolveld dan met het tegenwoordige 
veld. De magnetizatie volgt dus het tegen- 
woordige veld niet, maar is stabiel. 


(4) Men kan nagaan welke invloed het 
terugdraaien in de oorspronkelijke horizontale 
stand van door tectonische krachten scheefge- 
stelde series lavastromen heeft op de spreiding 
in de gemeten richtingen. Het blijkt dat dit 
terugdraaien de spreiding vermindert, zodat de 
conclusie getrokken mag worden dat de mag- 
netizatie ontstond voor de tectonische scheef- 
stelling plaats vond. 


(5) Oudere formaties hebben gemiddeld een 
zwakkere intensiteit van magnetizatie. Dit wijst 
er op dat de magnetizatie, eenmaal verkregen, 
niet geregenereerd wordt, maar langzamerhand 
met verloop van tijd (gemeten in tientallen 
millioenen jaren) afneemt. Op I]Jsland bedraagt 
de afname 40 %, in 20 X 106 jaren. 


Dit alles leidt tot de conclusie dat de mag- 
netizatie ontstaat wanneer de lavastroom voor 
de eerste keer na zijn ontstaan afkoelt en dat 
die magnetizatie in dezelfde rich{ing is als het 
toenmalige locale veld. Dat dit zo moet zijn, 
laat zich ook wel horen; hoe zou anders een 
recente lavastroom als die van 1947-48 ge- 
magnetizeerd raken? 

We kunnen ons nu afvragen hoe de omge- 
keerde magnetizatie ontstaat. We zouden ons 
ervan kunnen afmaken door er op te wijzen 
dat wanneer handstukken, die in het veld om- 
gekeerde magnetizatie bezitten, in het labora- 
torium verhit worden en daarna afgekoeld in 
het tegenwoordige aardmagnetische veld, deze 
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altijd gemagnetizeerd worden in dezelfde rich- 
ting als dat veld. We zouden daaruit dan kun- 
nen concluderen, dat blijkbaar deze omgekeerd 
gemagnetizeerde lavastromen afgekoeld zijn in 
een veld, tegenovergesteld in richting aan het 
tegenwoordige veld. Een dergelijke verklaring 
is echter allerminst bevredigend, in de eerste 
plaats omdat Professor L. NeEL van de Uni- 
versiteit van Grenoble een viertal mechanismen 
heeft voorgesteld waardoor omgekeerde mag- 
netizatie in een normaal gericht veld zou kun- 
nen ontstaan, in de tweede plaats omdat 
Professor T. NAGATA van de Universiteit van 
Tokio een bepaald gesteente (dacitische puim- 
steentuff) heeft ontdekt, dat bij afkoeling om- 
gekeerd gemagnetizeerd wordt in een normaal 
veld! Op de bezwaren tegen de „omgekeerde 
veld theorie” die uit de zojuist genoemde on- 
derzoekingen van N&EL en NAGATA voort- 
vloeien kan een bevredigend antwoord gegeven 
worden, maar het is niet mogelijik om de ge- 
detailleerde experimenten en beschouwingen die 
daarvoor nodig zijn in enkele woorden weer te 
geven. De belangstellende lezer zij daarom 
verwezen naar een elders verschenen arti- 
kel van schrijver dezes (HOSPERS, 1953-4). 
Samenvattend kunnen we echter wel zeggen, 
dat de veldwaarnemingen N6EL's tweetal „‚che- 
mische” mechanismen geheel uitschakelen en 
dat experimenten over de afname van de 
natuurliike omgekeerde permanente magneti- 
zatie van I]slandse gesteenten met toenemende 
temperatuur aantonen, dat ook NAGATA’s expe- 
riment en de twee andere mechanismen van 
NEEL geen verklaring kunnen geven voor de 
op Ijsland waargenomen omgekeerde magne- 
tizatie. 

Ook langs andere weg komt men tot de con- 
clusie, dat de omgekeerde magnetizatie ont- 


TABEL 1 — STRATICRAPHISCHE KOLOM 


m tm 


Historische lavastromen: van A.D. 1729 tot 


Interglaciale lavastromen en sedimenten, ong. 150.000 jaren oud 
Palagoniet Formatie: onderzochte deel 5000.000 jaren oud (of minder) 
Oud-Kwartaire lavastromen en sedimenten: 500.000— 1.000.000 jaren oud 


1947/48 


Postglaciale lavastromen varı 2.000—7.000 jaren oud 


Discordantie 


Pliocene sedimenten en lavastromen (Tjörnes): 2. 


Discordantie 


Tertiaire lavastromen (en wat sediment) w.sch. Mioceen: 12. — 26.000.000 jaren oud ..............- | 


— 12.000.000 jaren oud 


ZN ZZ, 
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staan moet zijn in een veld, in richting tegen- 
gesteld aan het tegenwoordige veld, maar ge- 
middeld van dezelfde sterkte als het normale 
veld. Vergelijkt men nl. de intensiteit van de 
natuurlijike magnetizatie, alsook de magneti- 
sche susceptibiliteit van normaal en omgekeerd 
gemagnetizeerde gesteenten, dan blijken er geen 
significante verschillen te bestaan. 

Deze overwegingen hebben schrijver dezes 
er toe geleid om, zij het niet zonder enig voor- 
behoud, voor te stellen dat het aardmagneti- 
sche veld op IJsland herhaaldelijk omgekeerd 
geweest is. 

Aangezien de omkeringen volledig zijn, d.w.z. 
over 180°, lijkt het er wel op, dat de oorzaak 
niet locaal is, maar wereldomvattend. We heb- 
ben hier dus mogelijkerwijs een totale omkering 
van de magnetizatie van de aarde, d.w.z. een 
verwisseling van de magnetische polen. Uit de 
waarnemingen op IJsland valt te concluderen 
dat een normaal of omgekeerd veld blijft voort- 
bestaan over een periode van 250.000—500.000 
jaren, en dat de omkering (naar de eigenlijke 
wijze van omkering valt voorlopig nog slechts 
te gissen) in minder dan 10.000 jaren plaats 
vindt. 

Goed onderzochte gevallen van omgekeerde 
magnetizatie van lavastromen en gangen zijn 
verder bekend o.a. van Zuid-Afrika (be- 
schreven door GELLETICH), Noord-Engeland 
(BRUCKSHAW en ROBERTSON), het Plateau 
Central in Frankrijk (ROCHE), Schotland (VIN- 
CENZ), Ierland (HOSPERS en CHARLESWORTH) 
en de Verenigde Staten (GRAHAM). In sedimen- 


kunnen worden in de richting van het tegen- 
woordige veld, wat ook de oorspronkelijke 
magnetizatie (bij de afzetting ontstaan) geweest 
mag zijn. 

Verder moge hier nog een korte opmerking 
betreffende de hypothese der poolverschuiving 
gemaakt worden. We hebben reeds gezien dat 
de gemiddelde richting van magnetizatie beter 
overeenkomt met de richting van het dipoolveld 
dan met die van het tegenwoordige veld. Om- 
gekeerd kan hieruit de conclusie getrokken 
worden dat gemiddeld (dat is, genomen over 
een periode van verscheidene duizenden jaren) 
de magnetische polen samenvallen met de geo- 
grafische polen. Deze conclusie volgt ook uit 
theoretisch werk over het aardmagnetische veld 
(men zie: RUNCORN, 1953). Aannemende dat 
dit ook zo geweest is in het geologische ver- 
leden, kan men de gemiddelde richting van 
magnetizatie van oudere lavastromen vergelij- 
ken met de richting van het dipoolveld en zo 
nagaan of enige verplaatsing is opgetreden. In 
tabel 2 is de gemiddelde richting van magneti- 
zatie van 102 georienteerde monsters van 
Miocene lavastromen van IJsland vergeleken 
met de richting van het dipoolveld. De hoek 
tussen de beide richtingen is slechts 0,8°. Hier- 
uit volgt, de gemaakte veronderstelling in het 
oog houdende, dat sinds het Mioceen (ong. 
20 X 106 jaren), geen belangrijke verschuivin- 
gen van de geografische polen zijn opgetreden. 

Voor een meer gedetailleerde uiteenzetting 
van de in het voorgaande besproken onder- 
zoekingen wordt de belangstellende lezer ver- 


TABEL 2 — GEMIDDELDE RICHTING VAN DE NATUURLIJKE PER MANENTE MAGNETIZAÄTIE VAN 102 GEO- 
RIENTEERDE MONSTERS VAN MIOCENE LAVASTROMEN OP I]JSLAND 


Ongekeerd gemagnetizeerde series zijn in de tegenovergestelde richting in rekening gebracht. De rich- 
tingen zijn gecorrigeerd voor de geologische helling van de lagen. 


Declinatie Inclinatie 
Gemiddelde richting NS1IS2ER + 77,8° 
| Richting dipoolveld N 0° # -+.77,0° 


Hoek tussen beide richtingen: 


taire gesteenten is ook wel omgekeerde magne- 
tizatie gevonden (Verenigde Staten, Japan en 
IJsland) maar alleen bij wijze van uitzondering. 
De metingen van TORRESON, MURPHY en GRA- 
HAM (1949), die bijna uitsluitend normale mag- 
netizatie vonden, zijn daarom vaak aangevoerd 
als bewijsmateriaal tegen omkeringen van het 
veld. Het is nu echter kort geleden bekend ge- 
worden dat de magnetizatie van sedimentaire 
gesteenten veelal niet stabiel is en dat deze 
gesteenten in vrij korte tijd gemagnetizeerd 


wezen naar een reeds genoemde publicatie 
(HOSPERS, 1953-4). 

Tot slot zou schrijver dezes op deze plaats 
van zijn erkentelijkheid willen getuigen jegens 
de Professoren Dr. R. W. van Bemmelen en 
Dr. M. G. Rutten, die hem in de gelegenheid 
stelden om met de geologie van IJsland kennis 
te maken, jegens Prof. Dr. W. Nieuwenkamp, 
die de schrijver de gedachte om een onderzoek 
van de natuurlijke magnetizatie van IJslandse 
lavastromen te beginnen, aan de hand deed, en 


aan de „Nederlandse Organisatie voor Zuiver- 
Wetenschappelijik Onderzoek” (Z.W.O.) en 
de N.V. „De Bataafsche Petroleum Maat- 
schappij', beide te 's-Gravenhage, voor finan- 
ciele steun gedurende dit onderzoek. 
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TER HERDENKING Dr. ALBERT PLESMAN 


7 Sept. 1889 - 31 Dec. 1953 


Het plotselinge overlijiden van Dr. Plesman 
heeft ons allen diep getroffen en uit de pers- 
verslagen is duidelijk gebleken, hoe omvangrijk 
ziin werk is geweest en hoe hij werd gewaar- 


deerd. 


Ook voor de exploratie en exploitatie van 
delfstoffen heeft Plesman zich sterk geinte- 
resseerd en met zijn bekende „push' en voort- 
varendheid heeft hij deze zaak aangepakt. 
Plesman had 20 jaar geleden al belangstelling 
voor het inschakelen van vliegtuigen voor het 
verkennen van onbekende gebieden bij het op- 
sporen van delfstoffen. Ik had het voorrecht 
vaak met hem over deze onderwerpen te mogen 
discussi@ren. 

Het eerste grote werk, dat Plesman ten be- 
hoeve van de exploratie naar delfstoffen deed, 
was de luchtkaartering van Nederlands Nieuw 
Guinea; een opdracht van de Nederlandse 
Nieuw Guinee Petroleum Maatschappij, waar- 
van de B.P.M. het management heeft. Hierbij 
moest 10 millioen ha vanuit de lucht wor- 
den opgenomen. De besprekingen met de 


K.N.LL.M. begonnen in 1934 en toen eenmaal 
overeenstemming over dit kaarteringsplan was 
bereikt, kon mede dank zij de grote energie 
van Plesman in deze aangelegenheid, reeds in 
1935 worden begonnen. Voorzover ik mij kan 
herinneren was de heer Plesman bij alle be- 
sprekingen die in Den Haag gevoerd werden, 
aanwezig. 

Op zeer moderne wijze werd in Nieuw 
Guinea een luchttriangulatie uitgevoerd, die 
vermoedelijk een van de eerste in de wereld 
was over een zo groot betrekkelijik onbekend 
gebied. 

De succesvolle luchtkaartering van Nieuw 
Guinea had tengevolge, dat de K.N.ILM. 
verdere opdrachten van de Shell-groep voor 
luchtkaartering in Borneo, Sumatra en Brits 
Borneo kreeg en de K.L.M. vöör de oorlog ook 
een opdracht voor Trinidad. 


Toen de luchtkaartering van Nieuw Guinea 
bewezen had, dat deze methode in weinig toe- 
gankelijke gebieden essentieel is voor een 
vlugge exploratie (o.a. werden met de lucht- 
opnamen in Nieuw Guinea zeer belangrijke 
geologische resultaten verkregen) volgden 
partners van de Nederlandsche Nieuw Gui- 
nee Petroleum Maatschappii en kregen de 
K.N.LL.M. en de K.L.M. opdrachten van an- 
dere maatschappijen en gouvernementen in vele 
delen der wereld. 

Genoemd mag nog worden de luchtkaarte- 
ring van een gedeelte van Suriname. De heer 
Plesman besloot na de oorlog met deze lucht- 
kaartering te beginnen voor risico der K.L.M. 
en zijn verwachting dat binnen korte tijd voor 
deze luchtkaartering grote belangstelling zou 
zin werd ten volle vervuld. 


Behalve exploratie via fotogeologie had 
Plesman ook reeds vöör de oorlog ideeen over 
directe observatie uit helicopters en het trans- 
porteren van geologische en geophysische ex- 
pedities per vliegtuig of helicopter, hetgeen nä 
de oorlog tot volste ontwikkeling kwam en nu 
practisch onontbeerlijk is geworden voor explo- 
vaties in weinig toegankelijke gebieden. 


Dit zo rijke leven van Plesman heeft dus 
ook op het gebied van exploratie zijn aandeel 
gehad en de geologen en mijningenieurs zullen 
deze grote man altijd blijven waarderen. 


H. M. E. SCHüRMANN 


MINING DEVELOPMENT IN ASIA AND THE FAR EAST 


Als vervolg op een vroeger verschenen mede- 
deling (Geologie en Mijnbouw, October 1953) 
volgen hier wederom enige gegevens, ontleend aan 
het verslag van de United Nations Economic and 
Social Counsil, Economic Commission for Asia and 
the Far East, Committee on Industry en Trade 
(Annex E). 


COUNTRY SUMMARIES 
1. BRITISH TERRITORIES IN BORNEO . 


Petroleum continues to be the most important mi- 
neral product. Three oil companies, all associated with 
the Royal Dutch Shell Group, operate in this area; 
these are Sarawak Oilfields Ltd. working in Sara- 
wak, the British Malayan Petroleum Company Ltd. 
in Brunei, and the Shell Company of British North 
Borneo Ltd. in North Borneo. The largest producing 
field is in Brunei, which, next to Canada, is now 
the second largest oil producer among the Com- 
monwealth countries. Five million tons were pro- 
duced in 1951. Coal deposits are numerous, but only 
one occurence is worked and its production is small. 
Coal deposits near Silantek in Sarawak and at 
Silimpopon in North Borneo are still under invest- 
igation. 

The production of other minerals, including gold, 
phosphate and antimony, is small. 


Mıneraı Propucts oF BrIıTisu TERRITORIES IN BORNEO 


2. BURMA 


Early in 1951, the Government stated that it 
would follow the policy of "joint ventures” with 
foreign interests for the development of the mineral 
resources of the country. Following this policy, 
two important mining companies in Burma, the 
Burmah Oil Company and the Burma Corporation, 
became joint enterprises, with the Government 
participating. 

The Government engaged an American con- 
sulting firm, the Pierce Management Inc., to make 
a complete survey of the coal and mineral resour- 
ces of the country, The engagement is for two 
years, and five Pierce engineers are assigned to 
the work, which started on 27 August 1951. The 
Pierce firm is associated with Knappen, Tippets, 
and Abett and Robert Nathan Associates in a 
complete economic, industrial and mining survey 
of Burma. The Government has also drawn up a 
five year plan for the reconstruction of the Kachin 
area. It provides for large-scale mineral explor- 
ation, the erection of refineries and smelting works, 
and the establishment of several factories. 


Actual mineral production is still far below pre- 
war level, owing to delay in rehabilitating of the 
mines after the war. 
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(Based on F. W. Roe, Report of the Geol. Survey Dept. for 1951) 


Mineral Product Production Value (Malayan $) 
Brunei 
Oil 37,133,376 bbls. } 262,855,835 
Natural gas 49,625 thousand cu. m? 438,512 
Bricks 620,000 bricks 
Stone 300,000 cu. yds. 
Gravel 10,500 cu. yds. unknown 
Coral 10,300 cu. yds. 
Sarawak 
Oil 372,780 bbls. ! 2,638,796 
Gold 931 fine ounces 73,780 
Phosphate 649 tons 73,49] 2 
Bricks 2,215,500 pieces 288,015 ® 
Tiles 375,000 pieces 52,500 “ 
Lime 1,113 tons 130,900 S 
Stone 40,100 cu. yds. 160,000 3 
North Borneo 
Stone unknown 
Concrete blocks 278,000 
Tiles and fittings 116,000 
Hollow cement blocks 3,000 unknown 
Bricks, cement 1,000,000 
Bricks, clay 400,000 en 
Total Value: 


Coal 

Early in the year, an ECAFE expert made a 
field investigation of the Kalewa Coalfield at the 
Government request. Progress has been made with 


1 U.S. Barrels each containing 42 U.S. gallons. 
2 Amount sold. 
3 Estimated value at 1951 prices. 


266,713,829 


the prospecting work. Samples from the explor- 
ation shaft will be despatched to the Fuel Research 
Institute Japan, for testing. 
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Petroleum 

During the year, it was agreed with the Burmah 
Oil Company that the Government would take a 
one-third share in a new company to operate the 
oil industry. Of the £5 million required, it had 
‚btained a loan from the British Government, 
©2.5 million to be paid immediately and the 
balance in instalments over a number of years. 

In 1951, Burma produced 30,055,292 gallons of 
petroleum valued at Rs. 13,494,054 as compared 
with 18,652,979 gallons in 1950 valued at 
Rs. 12,980,592. 


Metallic Ores 


Two of the metallic ore mines in Burma hold 
positions of world importance, based on their pre- 
war output. They are the Bawdwin Mine, in the 
Northern Shan States, operated by the Burma 
Corporation, Ltd., and the Mawchi Mine, in Ka- 
renni State. On 13 October 1951, an agreement was 
signed between the Government and the Burma Cor- 
poration, Ltd., whereby the assets and undertakings 
of the Corporation in Burma would be made over 
to a new company to be called the "Burma Cor- 
poration (1951) Ltd.”, in which the Government 
and the Corporation will each have a half interest. 
The agreement was approved later by the share- 
holders’ meeting and further ratified by the Burmese 
Parliament. Burma Mines, Ltd., a company formed 
in England by the Burma Corporation, will be the 
sole agent and adviser of the company for a mini- 
mum period of six years. 

Before the war, the Burma Corporation was the 
largest producer of silver in the world — 6,230,000 
ounces in the year 1938—1939. Among other valu- 
able concentrates produced during the year were 
77,000 tons of lead and 61,000 tons of zinc. It is 
to be hoped that, as a result of the formation of 
joint enterprises between the Government and the 
mining companies, production will be improved to 
reach pre-war level. 

The output of selected minerals during 1950 and 
1951 is shown in the following table: 


3. CAMBODIA 


The Mineral resources of Cambodia are virtually 
unexplored and unexploited. High quality iron ore 
exists at Phnom Dek and the Fuji and Yawata iron 


and steel companies of Japan will develop the mine if 
the Government of Cambodia approves. The yearly 
output would be about 500,000 tons, to be shipped 
to the Japanese companies. There are phosphates at 
Battambang for which another Japanese company 
is seeking a concession. Traces of oil have been 
found at Kampot. Zircons are being exploited to a 
small extent at Bokeo. 


42 CGEYEON 


During 1951, the requirements of large scale maps 
for development schemes such as the Beach Mineral 
Project and the Steel Project were met. and the 
detailed survey of these deposits with systematic 
sampling and quality analyses should now be under 
way. UNESCO concluded an agreement with the 
Government of Ceylon to undertake two projects 
in the island. An expenditure of $ 150,000 is to be 
devided between a mineral survey over a period of 
three years and the setting up of a model adult 
agricultural educational programme. 


Graphite continues to be the principal mineral 
mined in the island. During the year, 12,621 tons of 
graphite valued at Rs. 8,145,523 were exported, as 
against 12,824 tons in 1950 and 12.240 tons in 1949. 
The principal graphite producing areas are situated 
in the south western portion of the island. The 
entire production of graphite is exported, and the 
industry is solely dependent on the foreign market, 
the principal buyers being the United Kingdom, the 
United States, Australia and Japan. A small quan- 
tity of mica was also exported from Ceylon in 


1951. 


A monazite processing plant loaned by the United 
Kingdom has been installed in Katukuranda, 30 
miles south of Colombo on the west coast of the 
island, where monazite sands are found in abundan- 
ce. The plant has gone into production and all its 
output will be sold to Britain. Another monazite 
deposit has been discovered at Kodremala, 40 miles 
south of Mannar. 

Early in the year, United States firms were in- 
vited to submit bids, up to June 1951 for the con- 
struction of a complete oredressing plant to separate 
beach sands at Pulmoddal. The plant is to have a 
capacity of 100,000 tons of raw mineral sand per 
year, and is to be designed to separate ilmenife, 


PropucTıon OF MINERALS ın Burma, 1950 ann 1951 


Minerals 
Precious Minerals 


Gold Or 
Silver 

Other Minerals 

Antimony 

Copper matte 

Galena 

Iron Ore 

Lead & Lead Öre 

Lead slag 

Manganese 

Mixed tin & wolfram concentrates 
Nickel speiss 

Tin 

Wolfram 

Zinc Ore 


Unit Quantity value 


1950 1951 


Quantity value 


150 50,000 131 43,750 
— - 2,80,720 11,86,613 
54 1,134 286 6,006 
— in 254 6,81,983 

110 49,500 - eu 
aa —. 6,677 25,710 
1,459 5,836 5,035 1,28,76,687 
135 135 3,272 3,272 
2,990 2,990 “ M: 
901 44,29,659 1,297 1,42,53,774 
— _ 3,620 14,04,495 
1,816 1,48,69,202 1,295 1,56,99,951 
269 22,28,263 483 82.90,698 
_ 500 2,000 


” 


rutile and zircon by combined electro-magnetic and 
gravity separations. 


DE CHINA 


With the exception of coal, all mineral production 
in Taiwan in 1951 has shown a substantial increase 
over the previous year. Available information also 
indicates a general increase of mineral output on 
the mainland. 


Coal 


Before the Second World War, China, excluding 
Taiwan, produced an average of 35 million metric 
tons of coal annually. During the War — in 1942 — 
production rose to almost 60 million tons. In the 
immediate post-war years, production did not attain 
its pre-war level. However, much work has been 
done since 1949 and during the past two years 
production has exceeded the pre-war average. 

After the outbreak of hostilities in Korea in 1950, 
shipments of coal to Japan from the Chinese main- 
land were stopped for some time. During the latter 
part of 1951, the Japanese Government authorized 
payment in pounds sterling for 10,000 tons of 
Manchurian coals to be delivered to Japan in No- 
vember through a Hong Kong firm. In December, 
three Japanese steel firms, the Yawata, Fuji and 
Japan Stell Pipe, entered into,another contract to 
purchase 50,000 tons of coking coal from the main- 
land, reportedly at prices of $ 19.80 to $ 20.80 per 
ton. The same Hong Kong firm will handle the 
transaction. 

In the eight months period (Januari to August) 
1951, Taiwan produced 1,113,000 tons of coal. It 
is planned to produce two million tions in 1952. 


Petroleum 

Early in 1951, it was reported that crude oil 
production on the Chinese mainland had increased 
in 1950 by 35 per cent over the previous year and 
refined oil production had increased by 17 per cent. 

During 1950, 3,000 square kilometres were mapped 
during exploration for oil and detailed work was 
done over 800 square kilometres. In Taiwan, petro- 
leum production reached 79,920 kilo-litres (1 kilo- 
litre equals 260 gallons) in 1951, which was more 
than double the production in 1950 and is the highest 
record ever achieved in Taiwan. 


Iron Ore 


All the important iron ore mines on the mainland 
of China have resumed operation. There is no in- 
dication, however, that any substantial tonnage of 
ore has been exported. The annual production of 
Chinese iron ores before the war was about two 
million tons. The 1951 production may have ex- 
ceeded this figure. 


Tungsten, fin and antimony 

It is impossible to say what the production or 
trade position in tungsten, tin and antimony is. 
Reports from the United States indicate that in the 
early part of 1951 a substantial amount of tungsten 
ores was still reaching the United States. 


Copper 
In Taiwan, efforts are being made to produce 
15,000 tons of copper monthly by the end of 1952. 


Aluminium 


The Manchurian plant, located in Fushan, near 
Mukden, has resumed operation. The Taiwan 
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Aluminium Corporation in Kaohsiun, Taiwan, pro- 
duced about 3,000 tons of aluminium ingots in 1951, 
the highest production recorded since 1944, It is 


planned to increase production further to 4,000 tons 
in 1952, 


Atomic Minerals 

Active exploration for uranium-bearing minerals 
has been carried out in Sinkiang, Suiyan and 
Kwangsi provinces and in Manchuria, In Taiwan, 
a monazite prospecting bureau has been formed to 
develop the monazite resources of the island. 


6. INDIA 
During 1951, India continued to be the principal 
exporter of ilmenite, manganese and high-grade 


mica. Coal and iron ore production also showed 
substantial increases., New discoveries of bauxite, 
sulphur and uranium-bearing minerals have been 
reported. Several plans have been made and new 
plants installed for the processing of minerals in 
the country. 

In July 1951, the draft outline of the first Five- 
Year Plan of India, covering the period from 1951— 
1952 to 1955—1956 and prepared by the Planning 
Commission of the Government of India, was re- 
leased. The first part of the national plan represents 
the outlay on development which seems possible 
with the resources now in sight. The cost of 
development under this first part of the plan in the 
mineral resources and related fields is as follows: 


Rupees (lakhs) 


Two years total Five years total 


1951— 1953 1951— 1956 
Mineral development 
27.90 106.19 


Scientific and industrial research 


DAS 461.37 


The key note of the mineral policy recommended 
by Planning Commission is conservation and eco- 
nomic working. The essentials of such a policy of 
coordinated and economic development of the 
mineral resources should include: I) appraisal of 
reserves, 2) proper conduct of mining operations, 
3) leasing of mineral properties and regulation of 
mineral development, 4) statistics of the mineral 
industry, 5) mineral trade, and 6) research. 


Coal 


Coal output in 1951 is estimated at 34 million 
tons as against 32 million tons in the previous year. 

The total exports from India in 1951 were 
1.439,000 tons as against 993,000 tons in 1950. 


Petroleum 


More than 90 per cent of Indian petroleum requi- 
rements have been met by imports from abroad. 
North-eastern Assam has so far been the only oil- 
producing zone in the Indian Union. 

The Government has authorized the Burma Shell 
Group to install a 1.5 million ton refinery in Bom- 
bay, and has undertaken to exempt it from com- 
pulsory acquisition for a period of twenty-five years 
and also from certain sections of the Industries 
(Development and Regulation) Act. It had also 
reached an agreement with the Standard Vacuum Oil 
Company and with the Caltex Co. for the establish- 
ment of oil refineries. These three companies will be 
allowed to import their own crude oil duty-free for a 
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The projects included in the first part 


Scheme 
(1) 
Expansion of Geol. Survey 
Expansion of Bureau of Mines 
Fuel Research Institute 
Coal Survey Stations 
lIational Physical Laboratory 
National Chemical Laboratory 
Grants-in-aid and donations to scientific societies 
and institutes 
Provisions for research expenditure 


period of thirthy years. Of the capital of $ 35 million 
and $15 million which would be required for the 
establishment of refineries by Standard Vacuum and 
Burma Shell respectively, and of the possible $ 15 
million capital required by Caltex, 25 per cent in 
the form of cumulative preference shares, is to be 
open to Indian nationals, 


Iron Ore 


The bulk of the Indian iron ore production has 
come from the State of Bihar, while Orissa, Central 
Provinces, and Mysore have also contributed to 
the production, Iron ore production has increased 
steadily since 1948, and the annual production in the 
past few years has been around three million tons. 
In recent years, India has also been exporting iron 
ore to Japan. Goa will export 150,000 tons to Japan 
in the three-year period beginning September 1951 
under a contract negotiated between the Chowgli 
Co. of Goa and the Japan Steel Pipe and Mining Co. 


Chromium 


The reserves of high grade ore in India are 
limited, and its annual production has been small. 
The Government of India decided to prohibit, as 
from 12 April 1952, the export of high-grade chro- 
mium ore, defined as ore containing 45 per cent or 
more chromium oxide (Cr2Os3). 


Manganese 


There was no restriction on the export of low- 
grade ore, and 800,000 tons of high-grade manganese 
ore were exported during the year 1951. The United 
States alone imported nearly 600,000 tons from India. 

A United States firm, Brainard International Com- 
pany, concluded negotiations with the Government 
of India to install a $ 2,100,000 smelting plant at 
Orissa with a capacity of 25,000 tons of ferro- 
manganese annually. The plant will be completed 
towards the end of 1952, and an Indian company 
will be registered to contribute up to 49 per cent 
of the capital. Increased ore production is planned 
by several companies, which will further mechanize 
their mines and open new fields. 


Titanium 


India continues to be the world's most important 
producer of the titanium bearing mineral, ilmenite. 
The ilmenite sands found are of high quality and 
contain up to 50 per cent TiOs. It is hoped to 
increase the output of ilmenite to 5,000 tons a month 
by 1952. 

The Travancore Titanium Products Ltd., which 
will manufacture titanium products in India in coo- 
peration with a British firm, started production 
last year. 


of the Plan are as follows: 


Rupees (lakhs) 


2 years total 5 years External finance 
total 5 years total 
(1951—1953) (1951-1956) ne 
2 (3) 
18.8 66.96 4.50 2.75 1:25 
9.21 39.23 1.94 4.56 6.50 
18.25 41.25 300 12:00.,15:00 
2.20 2.20 
3123 45.25 1.20 4.80 6.00 
30.00 45.00 2.30 920 11.50 
7.00 17:25 1.00 4.00 5.00 
20.00 50.00 6.00 4.00 30.00 
Tungsten 


The only known deposit of tungsten ore in India 
occurs at the Rewat hill near Dagana railway 
station in Jodhpur State. Operations are going on 
and 400 workers are quarrying wolframite for ex- 
port. With the assistance of the Indian Bureau of 
Mines, plans are being made to undertake ore 
dressing. 

Copper 

The Indian Copper Corporation reported that its 
mill treated 386,156 short tons of ore during 1951. 
The ore reserves at the end of the year were 
estimated at 3,087,195 short tons: they were to be 
found in the three mines, namely the Mosaboni, 
Badia and Dhobani. 

The Nagari Mining Company has been floated in 
Bihar with a capital of Rs. 5 million. Another new 
company, Khasi Sillimonite Ltd., has registered in 
Calcutta to mine deposits in Assam. 

The estimated production of copper metal during 
the year was 7,083 tons against 6,614 tons in 1950. 


Lead and zinc 


A new ore-dressing plant at the mines has been 
coinpleted. The initial output will reach 9,000 tons 
per annum of lead concentrates averaging 65 per 
cent lead content. With the completion of an ad- 
ditional sintering section and the installation of a 
furnace, the smelting capacity at Tundee is expected 
to increase to 500 tons per month. There are no 
facilities for smelting zinc concentrates, which are to 
be exported. 

India annually requires about 45,000 tons of zinc 
and 10,000 tons of lead. Home production is still far 
below its needs. 


Light metals 


The Indian Aluminium Co. Ltd., and the Alumi- 
nium Corporation of India Ltd., are the two firms 
in India which are engaged in the production of 
aluminium. These firms have had their expansion 
schemes approved by the Government. On implemen- 
tation of the schemes the Indian Aluminium Co. will 
increase its present capacity by 2,500 tons per annum 
and the Aluminium Corporation by 500 tons in early 
1953, Thus the total installed capacity will increase 
from 4,000 tons to 7,000 tons by early 1953. The 
Indian Aluminium Co. is considering the installation 
of a new reduction plant at the Hirakud Dam Site 
with an initial annual capacity of 10,000 tons of 
ingots, to be increased to 20,000 tons later as and 
when demand for aluminium increases. 

Sulphur 


Detailed investigation by the Geological Survey 


Pz 


both by geophysical methods and pitting has proved 
that there are only two or three lense-like bodies, 


the economical value of which, unfortunately, is 
doubtful. 


Mica 


India's mica exports nearly doubled in 1950 and 
1951, compared with 1949 making her again the 
world’s top supplier of high-grade mica. The in- 
crease in production is due principally to the electri- 
fication of the mica areas in Hararibagh, Bihar. 


Kyanite ! 
The Controller of Exports at Calcutta issued an 
order restricting India’s 1951 exports of Kyanite 


ore to 50 per cent of the 1950 level, as a measure 
to conserve the present estimated kyanite ore reserves 


of 250,000 tons. 
Sillimanite 


Sillimanite occurs at a number of places in the 
northwestern portion of Nongstoin, in the Khasi 
hills, Assam. The main obstacle to their develop- 
ment is the lack of transport facilities. 


Atomic minerals 


The Government, after a careful study, decided 
to purchase all the stocks of uranium available from 
dealers or mine owners. 

A nation-wide survey has been undertaken by 
India's Atomic Energy Commission to locate ore 
deposits and to assess the country’s reserves of other 
minerals used in atomic energy production such as 
thorium, beryl and monazite, besides uranium. One 
of the short-term objectives of the Commission is to 
construct a small atomic pile for experimental pur- 
poses and for the production of radivactive isotopes 
and by-products. 

Uranium-bearing ores have been discovered re- 
cently in the Aravalli Hills, about 20 miles from 
Udaipur. A pilot plant for the production of beryl- 
lium is being set up at Jamshedpur by the National 
Metallurgical Laboratory. The Indian Rare Earths 
Ltd. is being set up at Alwaye in Travancore by 
the Governments of India and Travancore to run a 
plant now being installed to process 1,500 tons of 
monazite sands yearly. The Societe de Produits 
Chimiques des Terres Rares of France is installing 
the plant and contributing technical assistance until 
Indian personnel is trained. 


9. INDONESIA 


Petroleum 
The production of petroleum has regained the 


a —————————— nn 
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pre-war level: 7,400,000 tons of crude oil were pro- 
duced in 1951 as compared with 7,392,000 tons in 
1938. However, as the postwar world production of 
petroleum has more than doubled compared with pre- 
war, the Indonesian output corresponds to a smaller 
percentage of the total world production, In 1938, 
Indonesia contributed 3 per cent of the total world 
production, in 1951 only 1.3 per cent. 


Tin 


Production comes from three sources: Bangka, 
Billiton and Singkep. On the island of Bangka 
production is now well above the 1935/39 average. 
On the island of Billiton production is at the pre- 
war level. The large lode mine at Klappa Kampit, 
which produced over 2,000 tons a year before the 
war, was destroyed during the war and has not yet 
resumed production. No ores were smelted in Indo- 
nesia in 1951. Bangka had its own smelting plant, 
but it has not resumed operation since the war. 
About two-thirds of all Indonesian concentrates went 
to the Netherlands and about one-third to the United 
States for smelting. 


In 1950, Indonesia produced a little over 32,000 
tons of tin-concentrates or about a tenth more than 
pre-war. The 1951 figures so far available indicate 
an annual level of 30,000 tons. 


Bauxite 


All the bauxite produced in Indonesia is exported 
to the United States and Japan. During the first half 
of 1951, an estimated 100,000 tons of bauxite were 
shipped from Bintan Island to Japan. Bauxite exists 
in greater quantities on Bintan Island than on the 
other islands; however, the best quality is mined in 
Kojang Island. 


The Sumitro Plan — named after a former minis- 
ter of trade and industry — calls for the establish- 
ment in Indonesia of an aluminium plant capable of 
producing 10,000 tons of aluminium per year. It is 
estimated that a capital expenditure of Rs. 92,500,000 
will be needed. 


Coal 


Coal production showed a slight increase over 
1950, but it was still far below pre-war level. The 
average monthly production in 1951 was about 
70,000 tons, the bulk of which came from the 
Government-owned Bukit Asam and Ombilin mines. 
Part of the production from the Ombilin mines went 
to Pakistan. 


GEOLOGISCHE OVERZICHTSKAART VAN NEDERLAND, Schaal 1 : 200.000 


Binnen korte tijid zal de door ons Genootschap 
uitgegeven geologische overzichtskaart van Neder- 
land (schaal 1 : 200.000) geheel voltooid zijn. Alle 
bladen, waarop gedeelten van ons land voorkomen, 
ziin reeds afgedrukt en de laatste bladen kunnen 
eerstdaags aan de intekenaren worden verzonden. 

Verder zijn twee bladen afgedrukt, welke in Duits- 
land aan Limburg grenzen, waarop alleen de topo- 
grafie voorkomt. Dit is vooral van belang voor 
degenen, die deze kaart als wandkaart willen ge- 
bruiken. In de NW-hoek en in de ZW-hoek ont- 
breken daarvoor momenteel resp. nog een algemene 
legenda en een titelblad. Deze beide bladen zijn 
reeds in proef gereed, zodat ook die binnen afzien- 
bare tijd zullen verschijnen. 


Hun, die de kaart als wandkaart willen doen 
opplakken, wordt aangeraden dit door de Topogra- 
fische Dienst te Delft te laten doen, omdat daaraan 
ervaren personeel is verbonden dat de moeilijkheden 
kent. Voor een paar bladen moest nl. een andere 
projectie worden genomen. 

Wij zullen belangeloos daarvoor onze tussen- 
komst verlenen. Mettertijd zal de intekenaren mede- 
deling worden verstrekt hoeveel de daaraan verbon- 
den onkosten bedragen. Daarna bestaat gelegenheid 
de bladen aan ondergetekende te zenden, 


P. Kruızınca, 
Secr. Commissie geol. overzichtskaart. 


GEOLOGISCH EN MIJN 


TWEEDE INTERNATIONAAL CONGRES 
OVER DE MECHANISCHE VEREDELING 
VAN STEENKOOL (20-26 SEPTEMBER 1954 
TE ESSEN) — Na de succesvolle dagen in Juni 
1950 te Parijs zai nu wederom een congres worden 
gehouden, waarop de verschillende aspecten van de 
mechanische veredeling van steenkool zullen wor- 
den behandeld. Dit tweede internationaal congres 
zal plaats vinden van 20-26 September 1954 te 
Essen en het is bijzonder verheugend dat in deze 
stad tegelijkertijid een grote mijnbouwtentoonstelling 
zal worden gehouden. 

Een internationaal werkcomite met vertegenwoor- 
digers uit Amerika, Belgie, Duitsland, Frankrijk en 
Nederland heeft de voorbereidende werkzaamheden 
op zich genomen en een groot aantal deskundigen 
uit verschillende landen heeft reeds een bijdrage 
voor dit congres toegezegd. 

Het voorlopige programma is als volgt samen- 
gesteld: 


Maandag 20 September 1954: 

9-13 uur Opening 
Inleidende voordracht 
Bezichtiging van de kolenmijnbouwten- 
toonstelling 


15—18 uur Afzeven en veredeling van stukkool en 
noten 

Dinsdag 21 September 1954: 

9— 13 uur Afzeven, veredelen en drogen van fijn- 


kool (0—10 mm) 


BOUWKUNDIG NIEUWS 


15—18 uur Zeven en veredelen van slik (0— 


0,5 mm) 


Woensdag 22 September 1954: 


9--13 uur Drogen, mengen en ontwateren van 
slik. Korrelsamenstelling, malen en ver- 
gruizing 

15—18 uur Bezichtiging van een kolenwasserjj. 


Donderdag 23 September 195#: 


913 uur Economische problemen samenhangen- 
de met het wassen van steenkool 
15—18 uur Bezichtiging van een kolenwasserij 


Vriidag 24 September 195#: 


9--]3 uur Bedrijfscontröle 
15--18 uur Bezichtiging van een kolenwasserij 


Zaterdag 25 September 1954: 
Bezoek aan &en der Technische Hoge- 
scholen van Aken, Berlijn of Clausthal 
of bezichtiging van een kolenwasserij. 


Het congres wordt georganiseerd door de Stein- 
kohlenbergbauverein, Friedrichstrasse 2 te Essen. 
Titel en samenvatting der bijdragen, welke men wil 
aanbieden, gelieve men vöör 1 Maart 1954 in te 
zenden. Uit de aangeboden verhandelingen zal door 
bovengenoemd werkcomit&e een definitieve keuze 
worden gedaan. In Nederland kan men zich voor 
inlichtingen wenden tot Dr. C. Krijgsman, Centraal 
Proefstation der Staatsmijnen in Limburg, Tree- 
beek (L.). 


PRODUCSTTECITRER:S.-.VAN NEDERLANDSIETDETRSTOREFRT 


TEE TE TREE TEE ee En ET en a En nern ee nen Do Dee 1m m en a a 


Maand- | Maand- 
gemiddelde | gemiddelde Se | October 
a 173 
NEDERLANDSE STEENKOLENMIJNEN | | 
Maandproductie kolen, in tonnen .......ccccc.. 1 044 362 1 023 610 1 057 010 1 085 792 
Gem. productie per gewerkte dag, in tonnen ... 40 654 | 40 221 
Gem. productie per 8-urige werkdag, in tonnen 42621 42 587 
Totaal aantal verrichte diensten o.g. (per maand) 649 033 651 608 664 267 698 417 
Netto productie industriebriketten, in tonnen ... 6 190 5179 5 760 6 572 
Netto productie eierbriketten, in tonnen ......... 72515 71859 75 922 77 108 
Broduche CokesWun ton en 206 414 202 710 195 498 208 471 
Productie kunstmest, in tonnen N aan. 11 062 11 245 10 499 11 609 
Be electricitant, In WÄRS. Sen er 117 552 902 119 871 366 | 120823710 | 126 492 178 
ORESOVENgASE ne ee 81591 80 856 79 257 83 023 
ENT ge NR RR En 25 SL 1811 _ 1 026 
NEDERLANDSE AARDOLIE MAATSCHAPPIJ 
Productie van aardolie, in kg tonnen aaa... 59 594 64 051 71425 77 724 
na SER ER 

9e periode | 10e periode 

(31.8--27.9) | (23.9—1.11) 
KON. NEDERLANDSCHE ZOUTINDUSTRIE de on 
Produetie'van zout, in tonnen seen 34 568 34 842 +42 941 


51 979 


BEROr FE Keen 


Kunst der Eiszeit, von Hans-Georg Banı 
und Joh. MARıNcER, 166 S. mit 216 z. T. farb. 
Abb. Holbein-Verlag: Basel, 1952. Prijs geb. 
S. Fr. 34.—. 


Het plan voor dit boek stamt nog van H. Ober- 
maier. Zelf zocht hij het illustratie-materiaal bijeen, 
maar zijn dood, in 1946, belette de verdere uitvoe- 
ring van het plan. De tekst werd door twee van zijn 
leerlingen geschreven. Het resultaat komt een platen- 
atlas zeer nabjj. s 

Het boek bevat een schat van afbeeldingen, die 
een uitstekend beeld geven van de ontwikkeling van 
deze kunst sedert het Aurignacien. De omstandig- 
heid, dat een deel der platen in kleurendruk is uit- 
gevoerd, draagt daar zeer toe bij. 

De tekst is betrekkeliik beknopt, in hoofdzaak 
beschrijvend en als toelichting tot de illustraties be- 
doeld.- De wijze, waarop het boek tot stand is 
gekomen, is daarop waarschijnlijik wel van invloed 
geweest. 

Van belang is, dat de stof niet beperkt is tot een 
beschrijving van de palaeolithische kunst, zoals die 
vooral uit Frankrijk en Spanje bekend is, maar ook 
betrekking heeft op overeenkomstige kunstuitingen, 
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die in Noord-Europa zijn gevonden. Meer dan een 
eeuw geleden werden in Skandinaviä graveringen 
op rotsen ontdekt, die men chronologisch gewoon- 
lijk in de bronstijd plaatste. Later hebben Hansen 
en A. W. Brögger echter op stilitische gronden, de 
mening uitgesproken dat een deel van deze kunst 
veel ouder moest zijn en eveneens nog in het 
Palaeolithicum behoorde te worden geplaatst. Deze 
opvatting is door later onderzoek bevestigd. Bandi 
maakt nu een interessante vergelijking tussen de 
kunst van Zuidwest-Europa en van Noord-Europa. 
Hoewel een onmiskenbare verwantschap tussen bei- 
de aanwezig is, blijkt het toch niet goed mogelijk 
de arktische kunst uit die van Frankrijk en Spanje 
af te leiden. Eerder zoekt hij de oorsprong in Oost- 
Europa (Midden-Rusland). Dit punt verdient in 
ieder geval uit palaeontologisch oogpunt meer aan- 
dacht, omdat de afgebeelde fauna een ander karak- 
ter draagt. Nader onderzoek zal moeten leren of 
dit verschil nu herleidt dient te worden tot een 
verschil in ouderdom of in verband staat met de 
verspreiding van bepaalde elementen in de glaciale 
en laatglaciale fauna’s van Europa. 


Nr: 


FE ENEOZEOETESZCE HRAFP®S=ZIA K EN 


GEOLOGISCHE SECTIE 


SYMPOSIUM: KWARTAIRE NIVEAUVERANDERINGEN, IN HET BIJZONDER 
IN NEDERLAND 


te houden op Vrijdag 5 en Zaterdag 6 Maart 1954 in Restaurant Esplanade, Lucas Bolwerk te Utrecht. 
Leider van het symposium Prof. Dr. Ph. H. Kuenen, met medewerking van Dr. A. J. Pannekoek. 


Programma: 
‘Vrijdag 5 Maart 
10.00 u. Openina door de leider van het symposium, Prof. Dr. Ph. H. Kuenen, 
10.30°—11.30 u. Korte samenvattingen door 
Prof. Dr. Ph. Kuenen (Groningen), 
Dr. A. J. Pannekoek (Haarlem), 
Prof. Dr. Ir. A. J. Zuur (Kampen), 
Prof. Dr. Ir. A. A. Vening Meinesz (Utrecht). 
11.30—12.30 u. Discussie. 
12.30—14.00 u. Lunch. 
14.00—15.30 u. Korte samenvattingen door 
Dr. W. Dechend (Hannover), 
Prof. Dr. R. Tavernier (Gent), 
Dr. R. J. LeBlanc en Dr. A. Bernard (Houston), 


Prof. Dr. Mr. F. Florschütz (Velp), 

Ir. T. Edelman (Den Haag), 

Prof. Ir. E. C. W. A. Geuze (Delft), 

Dr. Ir. J. van Veen (Den Haag). 
15.30—17.00 u. Discussie. 


Zaterdag 6 Maart 
10.00-11.00 u. Korte samenvattingen door 
Prof. Dr. A. E. van Giffen (Groningen), 
Prof. Dr. J. P. Bakker, Amsterdam). 
Dr. L. M. J. U. van Straaten (Groningen), 
. Ir. J. Bennema (Wageningen). 
11.00—12.45 u. Discussie 
12.45 u. Sluiting door de mede-organisator van het symposium, Dr. A. J. Pannekoek. 
i wenst kunnen des namiddags nabesprekingen worden gehouden. 
ed ee fzenderlijke convocatie, die aan de in Noordwest-Europa wonende leden van de sectie zal 
worden gezonden, zijn bijzonderheden vervat over het verkriijgen van voordrukken, deelnemen aan ge- 


en taris, 
meenschappelijke lunch e.d. De ns Be Bi 
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Excursie naar de Tunnelput bij Velsen op Maandag 22 Februari 1954 


Programma: 


10.00 u. Inleidingen tot de excursie, in het gebouw van de Geologische Dienst, 


Spaarne 1/, Hiaarlem, 


door Dr. J. D. de Jong (Haarlem): Algemene inleiding. 


Ir. H. Wieringa (Rijkswaterstaat, Velsen): 


Ontwerp en uitvoering tunnelbouw Velsen. 


Prof. Dr. Mr. F. Florschütz (Velp): Pleistoceen. £ 
Ir. J. Bennema (Wageningen): Bodemkundige aspecten van het „laagterras'. 
Drs. J. W. Chr. Doppert (Haarlem): Veen-op-grotere-diepte. 

Dr. L. M. J. U. van Straaten (Gronin gen) Waddensedimenten. 

Ir. L. J. Pons (Hilversum): Geologie van de jongste afzettingen. 


12.30 u. Lunch. 


13.30 u. Vertrek per autobus naar Velsen. Profiel in Jong-Pleistoceen en Holoceen. 
16.45 u. Per autobus naar Haarlem-Station (aankomst 17.— u.). 


42ste ALGEMENE GEWONE VERGADERING VAN HET KONINKLIJK NEDERLANDSCH 
GEOLOGISCH MIJNBOUWKUNDIG GENOOTSCHAP ALSMEDE DE GEWONE VERGA- 
DERING VAN DE GEOLOGISCHE SECTIE 


Oproep tot de 42ste gewone Algemene Ver- 
gadering van het Koninklijk Nederlandsch Geolo- 
gisch Mijnbouwkundig Genootschap op Vrijdag, 19 
Februari 1954 te 19.30 uur te 's-Gravenhage en 
Zaterdag 20 Februari 1954 te 10.30 uur te Leiden. 


A. HUISHOUDELIJK GEDEELTE EN REDE 
DOOR DE VOORZITTER op 19 Februari 
1954 te 19.30 uur in het gebouw van het Konink- 
lijk Instituut van Ingenieurs, Prinsessegracht 23 
te 's-Gravenhage. 


HUISHOUDELIJKE VERGADERING VAN 
HET GENOOTSCHAP: 


Agenda: 


l. Opening en Notulen van de Gewone Alge- 
mene Vergadering van 20/11/53. 


2. Jaarverslag van de Secretaris over 1953. 


3. Rekening en verantwoording van de Pen- 
ningmeester over 1953. 


4. Verslag van de Kas-Commissie over 1953. 


wu 


Bestuursverkiezing ingevolge art. I1 van het 
Huishoudelijk Reglement. Dubbeltallen opge- 
maakt door de Raad van Bestuur op 16 Ja- 
nuari 1954 ingevolge art. 15 der Statuten: 
a. voor secretaris: 


I. Prof. Ir. H. J. de Wijs (aftredend 
herkiesbaar); 


2. Ir. W. C,. Benschop Koolhoven. 


b. voor Penningmeester: 


l. Ir. L. W. Leyds (aftredend herkies- 
baar); 


2. Ir. A. A. G. Schieferdecker. 
6. Benoeming van leden en plaatsvervangende 


leden voor de Commissie voor Kasopname 
over 1954. 


Begroting voor 1954. 
Mededelingen van het Bestuur, 
Rondvraag. 


on 


REDE DOOR Dr. H. M. E. SCHÜRMANN, 


Voorzitter van het Genootschap, met als onder- 
werp: „Beschouwingen over Stratigrafie, Tek- 
toniek en Metamorfose aan de hand van het 
Praecambrium in Egypte . 


HUISHOUDELIJKE VERGADERING VAN 
DE GEOLOGISCHE SECTIE: 


Agenda: 

1. Opening en Notulen. 

2. Jaarverslag van de Secretaris over 1953. 

3. Rekening en verantwoording van de Penning- 
meester over 1953. 

4. Verslag van de Kas-Commissie over 1953. 

5. Benoeming van leden en plaatsvervangende 
leden voor de Commissie voor Kasopname 
over 1954. 

6. Benoeming van een commissaris in het be- 
stuur in de vacature ontstaan door tussentijds 
aftreden van Prof. Dr. G. L. Smit Sibinga. 
Dubbeltal opgemaakt door het Bestuur: 

l.. Dr. GC, G. Egeler, 
2. Dr. J. H. van Voorthujjsen. 
7. Mededelingen van het Bestuur. 
$S. Rondvraag en sluiting. 


. WETENSCHAPPELIJ)K GEDEELTE VAN 


DE VERGADERING VAN HET GENOOT- 

SCHAP op 20 Februari 1954 in het Geologisch- 

Mineralogisch Instituut der Rijks-Universiteit te 

Leiden (Garenmarkt Ib). 

10.30 uur: Uitreiking van de van Waterschoot 
van der Gracht-Penning aan 
Prof. Dr. Paul Fourmarier, Oud-hoog- 
leraar aan de Uhniversiteit van Luik. 

Voordracht door Prof. Dr. P. Fourmanier over: 

„Schistosite et grande tectonique”. 

13.00 uur: Gezamenlijke koffiemaaltijd in restau- 
rant „Het Gulden Vlies”, Breestraat 
125 te Leiden (zie bijgaand formulier 
voor aanmelding van deelname). 


WETENSCHAPPELIJK GEDEELTE VAN 
DE VERGADERING VAN DE MIJNBOUW- 
KUNDIGE SECTIE in het Geologisch-Minera- 
logisch Instituut te Leiden. 
14.30 uur: Voordracht door Dr. W. F., M. 
Kimpe over: „Hydrochemische kenmerken en 
geologische verbreiding van het water in het 
Carboon en in het dekterrein van het Limburgse 
Mijngebied. 
H. J. DE Wıjs, Secretaris van het 
Genootschap. 
J- D. ve Jong, Secretaris van de 
Geologische Sectie. 
G. J. BAKKER, Secretaris van de 
Mijnbouwkundige Sectie. 


Aan het Landbouwproefstation en Bodemkundig Instituut T.N.O., te Groningen 
wordt gevraagd een 


Physisch Geograaf, Geoloog of Landbouwkundig Ir. 
met geologische belangstelling 


voor geologisch onderzoek op agrohydrologisch gebied. 


Soilicitaties schriftelijk in te zenden aan de wnd Hoofddirecteur, van Hallstraat 3, Groningen. 
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Naamloze Vennootschap 


W. A. HOEK’s 


MACHINE- EN ZUURSTOFFABRIEK 
Postbus 78 - Schiedam 
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G.H.H. 


STEMPELS EN KAPPEN 


Vertegenwoordigd in Nederland door: 


GUTEHOFFNUNGSHÜTTE EN MER EHREG 
STERKRADE AKTIENGESELLSCHAFT Alexanderstraat 10,Telefoon 183170” 
WERK STERKRADE Subagent: Dipl. Ing. F. J. Hundscheld 


Kerkrade, Niersprinkstr 28, Tel. 2598 


9 t/m 90 m3/min 


UITSTEKENDE REFERENTIES 
KORTE LEVERTIJDEN 


type | m’/min, | type | m’/min, 

mı| 93 Ians | 283 GOMPAGTE BOUW 
m3| 162 Janı) 50 

mal 215 langl| 9 

Vraagt Allas om 


technische voorlichting op het 
gebied van luchtcompreszoren 

luchtdrukwerktuigen 
en verfspuitinstallaties 


BREEVAAR 


N 
N 


handhoek over 


MEDEWERKERS 


C. ANDREAE. Dr. Prof., Zurich - 
Zollikon 

K. H. FRAENKEL. Dr. Ir., 
Stockholm 

P. GEYER. Prof., Djursholm 

B. GISNER. Ir. Metallurg., Sand- 
vikens Jernverks AB - Stockholm 
C. H. JOHANSSON. Ass. Prof., 
Nitroglycerin AB - Stockholm 
A. KALLIN. Ir., Zweedse Direc- 
toraat voor Electr. Energievoor- 
ziening - Rationalisatie Afdeling 
- Stockholm 

G. KARLSTROM. Chef van de 
Documentatie-dienst, Sandvikens 
Jernverks AB - Stockholm 


U. LANGEFORS. 
Nitroglycerin AB - Stockholm 
R. LOISON. Hoofdingenieur, 
Studie- en researchcentrum der 
Franse Steenkoolmijnen - Parijs 
J. MUNCK. w.i., 

A.B. Atlas Diesel - Stockholm 
A. NILSSON. Hoofdingenieur, 
Nitroglycerin AB - Stockholm 
H. SIEVERS. Dr. Ir., Directeur 
Nitroglycerin AB - Gyttorp 

K TRAUTZL. Dr. Ir, Directeur 
Schweiz Sprengstoff Fabrik A.G. 
- Dottikon 

S. WALLIN. c.i., Zweedse Direc- 
toraat voor Electr. Energievoor- 
ziening - Rationalisatie Afdeling 
- Stockholm 


INHOUD 


GEOLOGIE. Enkele geologische bijzonderheden 
over het Alpen- en Juragebied, door C. ANDREAE. 
Gesteentes in Zweden, Noorwegen en Finland, door 
P. GEYER. 
TERMINOLOGIE. 
G. KARLSTRÖM. 
STEENWERK-METHODEN. Gebruikte symbolen 
Factoren, die van invloed zijn op het ondergrondse 
steenwerk, door K. H. FRAENKEL. Methoden voor het 
drijven van tunnels, door K.H. FRAENKEL. Tijd-studies 
voor het boren en schieten van een afslag in mijnen, 
door S. WALLIN. Karakteristiek - bepaling voor boren 
in gesteente, door H. SIEVERS. 

PLANNEN EN PRACTISCHE RESULTATEN. 
Opstellen van mijnplannen voor ondergronds steen- 
werk, door A. KALLIN. Practische schietschema's, 
door K. H. FRAENKEL. Opgedane ervaringen uit 
het drijven van tunnels en galerijen in terreinen met 
onstabiele formaties in Zwitserland, door C. ANDREAE 
PERSLUCHTVOORZIENING. Tijdelijke of semi- 
permanente persluchtvoorziening, door J., MUNCK, 


door K. H. FRAENKEL en 


S 


| il nihniimahnd na Roh 
Stationnaire 2-traps watergekoelde compressoren TYPE AR 
Geschikt voor continu bedrijf ; | 


GAPAGITEIT 5; 7 am. tegenerut 


vriji aflgegeven hoeveelheid lucht 


KRAGHTVERBRUIK 


0,0797 :0,0827 kWh.per m? vrij algegeven hoeveelheid lucht 


PERFEGTE UITBALANGERING 


- ROTTERDAM. 
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NY.HOLLAND-ATLAS 


TEL 35191 


Gepubliceerd onder leiding 
van Dr. K. H. Fraenkel, Chef 
van de Rationalisatie-afdeling, 
Zweedse Directoraat voor 
Electrische Energievoorziening 
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BOORSTALEN. Het gebruik van boorstalen met hard- 
metalen inzetplaatjes in de mijnbouw, door B. GISNER. 
SPRINGSTOFFEN, LADING EN ONTSTEKING. 

Enkele physische eigenschappen der springstoffen, door 
A. NILSSON. Springstoffen op nitroglycerine basis, door 
A. NILSSON. Springstoffen, door K. TRAUTZL. Electrische 
ontsteking, door C. H. JOHANSSON. Schieten met milli- 


seconde ontsteking, door U. LANGEFORS. Vergelijking 

der resultaten, verkregen met verschillende springstoffen 

bij tunnelbouw in Zwitserland, door K. TRAUTZL. nei 
r 


LUCHTVERVERSING. door R. LOISON. 


ar. e 
and 
\oot \8 worden 


Fi PERCUSSION DRILLING 


E. Ryd 


By pneumatic percussion drilling is meant 
the method of drilling rock, where the drill rod 
is hit by a hammering piston. The bit end of 
that rod is supposed to be, or at least hoped 
to be, in contact with the bottom of the hole 
all the time. 

The drilling itself is being done by the cut- 
ting edge, or edges, of the bit, which are 
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Gradual wearing out steel bits during drilling 1,5 m. 


crushing the rock material immediately in con- 
tact with them. The bit is rotated to cover the 
entire area of the bottom of the hole and the 
cuttings in this way created are flushed away 
by using compressed air or water. From this 
very obvious statement one gets the list of 
elements employed in the drilling process and 
at the same time also, the names of the chap- 
ters in which the problems coulb be sorted up. 
the hole, when that advances into the rock. 


There is the bit to cut the rock, there is the 
drill rod to transmit the energy of the blow 
from the machine to the bit, and there is the 
drilling machine itself, the piston of which is 
delivering the energy to the drill rod. That 
drilling machine must also have means to rotate 
the rod and in most cases also a feeding device 
to keep the bit in contact with the bottom of 


36,’ m8 28mm 


150 mm 30 sek. 


Gradual wearing out of hard metal bits during 
drilling 75 m. 


There must also be arrangements to clear the 
hole from cuttings. 

As previously indicated, the cutting edges of 
the bit end fillthe purpose of concentrating 
the force from the blow to such a small per- 
centage of the whole bottom that the rock can 
be locally crushed and then flushed away. The 
bit edge will force its way into the rock as 
lang as the power behind it is greater than the 
resistance of the rock and, of course, as long 


Il 

as, due to the transmission wave in the rod, 
there will be a forward directed movement of 
the bit. When the bit is blunted the stress will 
be spread over a larger area and consequently 
the specific load will be decreased and finally 
that specific load will not be great enough to 
break the rock, and the drilling stops or at least 
the drilling speed is dropping seriously. It is 
only natural that a very hard rock is blunting 
the edge much faster than a soft one and fur- 
ther, as the strength of the hard rock usually 
is greater that that of the soft one, the crushing 
effect of the adge is decreasing very rapidly 
as the specific load is decreasing. Consequently 


fe tem 


Normal wearing out of hard metal bits after 4 
regrindings. 


the loss in drilling speed is very noticeable. It 
is obvious too that the strain created in the bit 
will increase considerably when the energy of 
the impact has to be killed against a firm wall. 

As to-day practically nothing but tungsten 
carbide inserts are used as cutting edges, it 
might be worth while to give a few examples 


of how the hard metal is affected under these 
conditions. 

The hard metal bit is of course keeping its 
shape much better than the steel bit and con- 
sequently maintains its cutting power during a 
longer period of drilling. That is due to the 
much better resistance to wear of the carbide 
and is just what could be expected. In addition 
to that, however, the carbide bit has an ability 
to drill even when it is blunted to an extent 
that would make a steel bit useless. That is 
especially noticeable regarding the gauge loss 
in a fairly hard rock, as granite for instance. 
If an anti-taper has developed, the steel bit is 
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201 14,3 m 


Drill bit used in quartzite. The diameter 
out after 14,8 m. 


worne 


likely to score on the surface of that anti-taper 
and then further drilling is quite impossible. 
The carbide bit, however, working under the 
same conditions, has still a surprising ability 
to drill and drill fast. A strong warning, how- 
ever, has to be given against taking advantage 
of these possibilities, because the carbide insert 


Bits used in granite,‘10 m., with machines weighing 20, 40 and 55 kgs respectivitely. 


will be subject to‘ stresses wHich could make it 
crack altogether. ® 
It is obvious that the closer to the circum- 
ference a certain length of the culling edge is 
located, the larger is the area of the hole it has 
to work on, the more work it has to do and 
the faster it is worn. Consequently the corners 
of the bit are taken away first and in many 
cases that will in the long run reate the so- 
called anti-taper, which means that the front 
part of the bit has been worn down to a smaller 
diameter than the parts behind it, giving it the 
shape of a cone with a top in front of the bit. 
This tapered surface has of course, when the 
bit is pressed against the rock, a tremendous 
breaking effect against the walls of the hole 
and stops the rotation of the drill. It also offers 
a tremendously large surface for carrying the 
force of the impact and both these conditions 
are affecting the drilling very seriously. 
The character of the rock is of very great 
_ importance in these respects and the two ways 
for a bit to be worn out, which have been in- 
dicated above and between which, of. course, 
many combinations exist, have shown the 
heasons for splitting them up from drilling point 
ofviewin cuttingedge wearing 
rocksoand gauge loss causin.g 
rocks. Among the first-mentioned ones we 
find some very hard hematite iron ores mixed 
with quartz in Sweden and North America and 
some pyrite ores too. The most typical example 
of the last-mentioned group is maybe the reef 
in the gold mines in South Africa, but of course 
practically every sandstone is belonging to that 
group. 
As the cost of the rods and bits when using 
tungsten carbide tipped steels is a very im- 
portant figure in the calculations, every pre- 


caution should be taken to get as many metres 
as possible from each steel. The appearance 
of the bit is a good guide to judge if anything 
is wrong in the equipment picked for a certain 
purpose. 

If the cutting edge is wearing very rapidly 
and the surface is pitted like the peei of an 
orange, the rock drill used is too heavy, causing 
an overload of the carbide which makes quite 
considerable particles to be torn away. The 
same conditions also have a tendency to set up 
cracks parallel to the cutting edge. These 
phenomena are of course to be found in the 
very hard rocks, and give an illustration to the 
rule that when using tungsten carbide bits it is 
necessary to pick a smaller drill giving lighter 
blows to tackle a hard rock than the one which 
could be used for a softer rock. Special rock 
drills, giving a very great number of blows and 
having a light piston moving very rapidly, have 
been designed for this purpose and turned out 
quite a success. 

Although the conditions causing the gauge 
loss are less well known, it is abvious that an 
extra light rock drill in this case offers to 
advantage and a good compromise has to be 
made between the wear of the front edge and 
the gauge loss when picking the right rock 
drill. 

The quality of the carbide is course one of 
the first things to consider when the resistance 
to wear is discussed. It is well known that the 
hard metal, which consists of tungsten carbide 
sintered together with cobalt, could be made 
softer and tougher by introducing an increasing 
amount of cobalt and harder and more brittle 
by using less cobalt. The cobalt percentage, 
however, is not the only way in which the 
quality af the carbide could be changed. The 


Tungsten carbide bit used in hard rock with heavy 
drill. 


structure is also a very important feature. It 
has as a matter of fact, after many experiments 
and a tremendous lot of work, been possible 
to gradually decrease the percentage of cobalt 
but still keep the strength against impact of the 
hard metal at a high level. In such a way it has 
been possible to gradually increase the wear 
resistance and increase the footage possible to 
drill and consequently also the economy of 
drilling. 

That has maybe been easiest to follow in the 
very abrasive reef in South Africa, where a 
tremendous lot of drilling is going on, which is 
very carefully recorded and where the gauge 
loss has been the main difficulty to fight. 
During five years of development the average 
length of life in one mine with a certain brand 
of steels increased 100%, where the last step 
of about 30%, was taken very recently. 

The shape of the bit, i.e. chisel bit, cross bit 
or maybe other designs, is another question 
which has been subject to many tests and dis- 
cussions. It is not intended here to do any 
propaganda in this respect, but it is fair to 
mention that the chisel bit has maintained its 
position much better than anybody could 
expect and in every place where, due to very 
special reasons, no other design is necessary, 
it is certainly the most economical thing to use. 

It is usually thought very logical to believe 


COROMANT standard 
= COROMANT new quality 


Chisel bit and 4-point bit containing the same amount of tungsten carbide. 


that a four wing bit offers a larger surface tungsten carbide as in the best known brands 
covered by hard metal to the walls of the hole of four wing bits and instead of being split up 
than a chisel bit and consequently is bound to into three or four parts, all of it is building up 
maintain its gauge better. As a matter of fact, just one very solid and rugged piece able to 
in a modern chisel bit there is just as much take a lot of beating and abuse. 
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Pressure wave in drill steel created by a falling piston. 


Pressure wave and reflected tension wave in drill steel. 


To transmit the energy from the shank end 
where it is delivered by the piston to the bit 
end, which is hitting the rock, is the main task 
of hhe rod. The rod is probably the 
weakest point in the percussion drilling mecha- 
nism and the study of the condition under 
which it works has been to some extent 
neglected. That is not because of lack of in- 
terest. That must be blamed the difficulties in 
carrying out such studies with any degree of 
accuracy. 


To make the picture of what happens as 
simple as possible, suppose that a piston with 
the same section as the drill steel is hitting the 
shank end. When the two surfaces meet, the 
steel in both will be compressed to the same 
extent, creating a compression wave travelling 
forwards in the steel and mackwards in the 
piston. When it has reached the rear end of 
the piston it will be reflected as a tension wave 
which releases the stress in the piston. "The 
tension wave, as it passes forwards in the 
piston, will gradually bring its elements to a 
stand-still, and when the wave has passed the 
piston and reaches the contact surface of the 
piston and the steel, it will release the pressure 
from the piston on the steel and consequently 
bring the compression wave in the steel to an 
end. That compression wave will travel along 
the steel with a velocity equal to the speed of 
sound in steel, i.e. approximately 5000 m/sec., 
a figure which indicates the difficulty in stu- 
dying these processes. When the wave reaches 
the bit end of the steel, the further development 
depends upon whether the bit meets any re- 
sistance or not. If the rock is fairly hard, the 
bit will be brought to a stand-still and in that 
case the compression wave will be reflected as 
another pressure wave back into the steel again, 
where it at first will meet the rear part of the 
same wave still travelling downwards. The 
specific pressure in that field, i.e. in the part 
o fthe steel close to the bit, will be doubled. 
After having reached the shank end, which is 
now entirely free, it will be reflected again, 
this time as a tension wave which is eliminating 
the engagement of the bit into the rock. If 


there is not any engagement when the wave 
is coming down, it will be reflected as a ten- 
sion wave on its way back up into the steel 
and cause a movement of the steel closer into 
the bottom of the hole. From this very brief 
description it is possible to draw a couple of 
conclusions, which might at first look a little 
astonishing, but of course, are just natural 
when one gets used to that viewpoint. 

1. The same waves are passing through the 
entire length of the steel. Consequently, the 
strain and stress on the steels will be pract- 
ically the same through the entire length of the 
rod, i.e. with exception of the extreme ends 
which, due to the resistance they meet, can 
have the waves combining themselves to an 
increased stress. 


2. There is a possibility to create tension 
waves and that is the way the fatique occurs. 
There is further a connection between the 
piston, the length and the size and shape of it 
and the character of the wave travelling down 
the drill steel, its length, the specific pressure 
it is giving the steel and consequently the 
amounth of energy it can transmit and the 
efefct on the length of life of the steel, 


As previously said, the way in which the 
rod transmits the energy from the piston to 
the bit end is the part of the percussion drilling 
where a lot of research still remains to be done. 
There are several experiences which do not fit 
in in a nice and logical picture of what is going 
on. For instance, it is quite a common ex- 
perience that, when using a longer rod drilling 
a deeper hole, the drilling speed is decreasing 
every time a longer rod is put in. Nevertheless 
it can be established too that the loss of energy 
in a rod is practically nil. 


A similar lack of logic seems to be the ex- 
perience made in drilling deep holes. A lot of 
long hole drilling is done in mining by per- 
cussion drilling and extension steels. Of course, 
one can expect that the couplings between the 
steels will steal some of the energy and con- 
sequently, when putting in the first coupling, 
one is prepared to accept a drop in drilling 
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Pressure wave gradually dying away, 


speed, which also is very obvious. The same 
thing happens with the second couplin and 
with te third one and possibly with the fourth 
but then one can find that the loss each time 
is getting less important, and after approxima- 
tely five couplings the drilling speed remains 
practically the same and if the arrangements 
in other respects are good, it is maintained at 
a reasonable level, making holes to 80 m, and 
probably more, possible to drill. 


It is reasonable to think that if the losses 
are very small at the last couplings, there must 
be some means to decrease them also in the 
first ones and in that way get average drilling 
speed even for a long hole very close to the 
one you have in ordinary blast hole drilling. 
That will of course increase the depth of hole, 
where percussion drilling is competing favour- 
ably with diamond drilling, when there is no 
question of getting a core. Also in other 
respects the rod is the weak point of the per- 
cussion drilling. It is subject to stresses, which 
very often are exceeding the fatigue limit 


HA-ES POMPEN 


De zelfaanzuigende pomp, die zichzelf verdient 
Gering krachtverbruik 


Geschikt voor diverse vloeistoffen 


Vraagt prospectus en nadere gegevens 


N:V. MEPPELER MACHINEFABRIEK EN TECHNISCHE HANDELMIJ 
! vh-Fa.F. HUISMAN -.MEPPEL (NETHERLANDS) 


Verkoopkantoor: Kuyl & Rottinghuis - Utrecht 
a ———— 


resulting in premature breaking of the rods. 
The introduction of tungsten carbide brazed 
into shop manufactured steels has of course 
improved the conditions in that way sub- 
stantially for two very obvious reasons. A 
suitable steel could be picked to stand the 
fatigue stresses without taking into consider- 
ation the possibility of making a cutting edge 
on the steel itself. Further, the heat treatment 
was done in a shop equipped with furneces and 
quenching arrangements designed and carefully 
operated to give a uniform result of high 
standard. There must, however, still be con- 
siderable progress to expect. 


From the designer's point of view, the rod 
is the weak point too. The stresses in the rod 
are in proportion to the velocity of the piston 
when striking the shank end. T'he most con- 
venient way to increase the effect and drilling 
capacity of a rock drill is to increase that 
piston’s velocity. That way is, hewever, locked 
by the consideration which must be paid to 
the life of the drill rod. An improved drill rod 
is consequently one of the designer's ravoured 
dreams. 


A coupling between the rod and the bit, 
which of course is inevitable in the case of a 
detachable bit, will always cause a loss of 
energy and drilling speed, just as the first 
coupling between an extension rod and the 
original rod recently referred to. The coupling 
will also always be keaker than the unchanged 
rod and usually that is the place where the 
fatigue trouble starts. It is consequently im- 
possible to regain the loss of drilling speed by 
using the simplest way to increase the output 
of the rock drill, i.e. to increase the velocity 
of the piston. That has every chance to lead 
to extra trouble in broken threads and 
couplings to the bit. 

That is why the monoblock rod from pure 
technical point of view has got a lot of ad- 
vantages which should not be thrown away 
unless it is for some reason necessary. 

(to be continued) 


22... .BOUW van FABRIEKSINSTALLATIES 
VOOR DE CHEMISCHE en METALLURGISCHE INDUSTRIE 


Zwavelzuur: Contact-, kamer- en torenproced&, concentratie- 
installaties, chemisch zuiver zuur. 


NIEUWBOUW, OMBOUW, ADVIEZEN 
LEVERING van complete FABRIEKEN 


Ontzwaveling : Zwavelverbrandingsovens, roostovens voor sulfiden 
(pyriet en blenden), apparatuur voor verwerking of 
onschadelijk maken van H5S in afvalgassen. 


Alkalisulfaten : moftelovens, retorten (bisulfaat), absorptieinstallaties 
voor zoutzuur. 


Natriumsulfide: hand- en revolverovens met apparatuur voor loog- 
bereiding en kristallisatie. 


Verwerkingv. Verwerking van afvalgassen en -productie van de 
afvalgassen: synthetische-vezelbereiding. 


NIEDER - MARSBERG / wesTF.POSTFACH. 


für Gasbohrungen, Aufschlußbohrungen, Suchbohrungen nach Flözteilen, 
Bohrungen zum Lösen von Standwassern, Bohrungen im Gestein 


für Bewetterung, Großlochbohrun i ö 
! gen in Kohle und Kal 4 
Sprengbohrlöcher in Kalksteinbrüchen. aln ron 


Maschinenfabrik RUDOLF HAUSHERR & SOHNE GmbH., Sprockhövel/Westf 


PERFOREREN 
van alle metalen voor in- 
dustriölle en versieringsdoel- 
einden, raspplaten, geribte 
vloerplaten. 


DE, 
FIJN PERFOREREN 


van centrifugeplaten met ron- 


Perforation J aspar de en langwerpige conische 


IT HR SB doorboring. 
RER rue de Froidmont. nn Vennes 


® We AR 3 MONTEREN 
. doorsnijden, rangschikken, 
lassen en samenvoegen. 


Telephone : 
4452102777813 


Adr. telegr. 
Pertoration Liöge 


STALEN TRAPPEN 


volgens de geoctrooieerde me- 
thode Jaspar. 


MASCHINENFABRIK GLÜCKAUF . GELSENKIRCHEN 


Dubbelwerkende Aluminium Omdrukcylinders voor 
kettingtransporteurs 


\ 130 mm \ 530 kg (| 400 mm 
’ 200 mm P bij 4 ato. ’ 1300 ka slaglengte ao 


gewicht 130/400 i9 kg - hoogte 155 mm - breedte 230 mm 
gewicht 130/800 28 kg - hoogte 155 mm - breedte 230 mm 
gewicht 200/400 32 kg - hoogte 260 mm - breedte 250 mm 
gewicht 200/800 42 kg - hoogte 260 mm - breedte 250 mm 
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Uitschuifbare aluminium schoorstempels 


* 


Vertegenwoordiging: 


INGENIEURSBUREAU „LIMAHA” © 


KERKRADE - ABTENLAAN 58 u en 
TEL. K 4445 - 2156 


Maar een 


bijzondere: 


Hij is Vooraf Gevormd! 


„Blue Strand Preformed Wire Rope’ 
wordt geslagen uit draden, die vooraf 
in de spiraalvorm zijn gebracht, welke 
zii in de afgewerkte kabel zullen 
aannemen. Dit geeft groot voordeel 
boven normale kabels, daar de in- 
wendige spanningen ontbreken. De 
kabel met de blauwe streng is ge- 
makkelijker te buigen. Bij doorhakken 
bliijven de strengen bijeen, waardoor 
vastbinden overbodig is. De kabels 
gaan langer mee, zijn veiliger en ge- 
makkelijker in het gebruik. Draden, 
die na langdurig gebruik zijn gebro- 
ken, blijven op hun plaats. Minimaal 
gevaar bij behandeling. In de mijn- 
bouw, op olievelden, bij constructie- 
werken, overal waar zwaar werk 
wordt verricht, geeft men aan „Blue 
Strand Preformed” de voorkeur. 


BLUE 
STRAND 


PREFORMED WIRE ROPE 


PRODUCT VAN BRITISH ROPES LTD,, 
DONCASTER, ENGELAND 
EXPORT SALES OFFICE, 52 HIGH HOLBORN, LONDON W.C.1 


u u nm 
Vertegenwoordigers: N.V. INGENIEURSBUREAU v/h J. M. 
C. VAN BORSELEN & Ce, Lange Poten 15A, 's-Gravenhage 


HAARLEM - HOLLAND 


Moderne lichte 
boormachine 
voor 

schietgaten en 
bodemonderzoek 


Boordiepte 
300 meter 


Geheel 

gelaste 

stalen pomp 
Er ar 


LI ZAFATRFeEeTTee 


HOLLAND 


MODERNE AANDRUVINGEN 


« V-SNAARAANDRIJVINGEN 
« MOTORREDUCTOREN 

» VERTRAGINGSKASTEN 
« KETTINGAANDRIJVINGEN 


A. D. BOEKHOLT nv. 


GRONINGEN - AMSTERDAM - ROTTERDAM 


VE 
beweegbaar _ 
en toch 
volkomen dicht 


HERMANN WINGERATH KG - RATINGEN 
ROHRLEITUNGS- UND APPARATEBAU 


PLLISEDER 


WE BERG Dünen 


H.R. SMITH N.V. 


KEIZERSGRACHT 520 - A'DAM - TEL.42012-41801 


Metaalgelijkrichtereenheden 


voor alle doeleinden Agente en verlegenwoordigster 
WESTINGHOUSE 


BRAKE AND SIGNAL COMP, LID. 


E steeds 
gaarne 
tot uw 
dienst 


ir 


BE BE a) 


Grootste een-cylinder turbocompressor. Cap. 125.000 m”/h bij een drukverhouding van 1:9. 
Direct gekoppeld met HD Voorspanturbine 71 ata/490° C, tegendruk 16 ata. 
Opgesteld in een der Nederlandse Steenkolenmijnen. 


E. M. ELECTROSTOOM N.V. 


POSTBUS 301 - ROTTERDAM - TEL. 82720 


Räder und Radsätze 
für Feld- und Grubenbahnen und 


Handelsafdeling van de Machinefabriek 


DEN HOLDER N.V. 


Stahlformguss aller Art 


= 87 
LEIDEN POSTBUS für den Bergbau 


liefert in bester Qualität 


Apparaten voor de chemische- en seit 1879 
Olieindustrie de 
Gespecialiseerd op meetflenzen en W | I T EN E R H U T } E 
meetplaten, alsmede A.P.l. draden Aktiengesellschaft 


| en "Unified” draden | WITTEN (R UH R) 


LAS TECHNICUM 


Technisch Bureau VROMENN.V. 5, BRUNSSUM 


Telefoon K 4449-541 BRUNSSUM KERKSTRAAT 56 
TEL. K 4449-541 


Sanitair | FABRIKANTE VAN: 
=} De bekende „LANCO" 

6 Las-en Snijgereedschappen 

Ze Systeem „Messer” 

Reparatie-Inrichting 

Hijs- en montagewerkzaamheden Voor ALLE Autogeen apparatuur 


EEN BLIK 


. ERANS SMULDERS 
op de dıagrammen 


toont de werk van de CROESELAAN 20 AingTZeirn; 
BRIEDEN- m 


Centrale verwarming 


Constructiewerk 


Onder-enbovengrondseleidingen 


N.V. MACHINEFABRIEK 
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MASCHINENFABRIK 


KARL BRIEDEN & & CO. 


BOCHUM 
Vert. Ing. Bur. „FERRUM“, Heerlen 


J. K. SMIT & ZONEN 


Opgericht 1888 
AMSTERDAM 


Sarphatistraat 66 
Telefoon 52641, 51948 _ Telegr.: CARBONSMIT 


Diamant voor alle 
industriele doeleinden 


SETZEN —— DIAMANT-BOORKRONEN 
(VDELBAG: 


voor olie-, erts- en 
DELBAG-LUFTFILTER GmbH . 
BERLIN-HALENSEE * FERNRUF 977676 F kolenboringen etc. 
DUSSELDORF-HEERDT* AMT NEUSS 2105 


'EUFRTRILTER: | DIAMANT-WERKTUIGEN 


für Industrie - Hygiene - Fahrzeuge 
voor slijp- en 
afdraaidoeleinden 


A zou zender meer de doer  DELBAG-Ingenieursbureau 26 
a TECHNISCH BUREAU DAHLMAN 
Maasstraat 7 - Telefoon 115800 


ROTTERDAM 


e te constoteren z Ss Vraagt prospectus 


engt echter ook de gezondh 

verkkrechten in gevoar, Vraagt geheel kosteloos 
aurom het gebruik va onze speciale brochures 
ters onontbe i = Deskundige adviezen Uitvoerige offertes 


ORIGINAL J.D.N.- 


STEMPELSETZGERAÄT 


6t Hubkraft D.R.P.a. 
für alle Stempelarten 


WINDENFABRIK 


J. D. NEUHAUS ::%. 


WITTEN-HEVEN 
GEGRUNDET 1769 - RUF: 2565 


„Titan” ondersteuningsmateriaal in schuifpijler 


Mijnstempels, Kappen, Koppelstukken, 


Voorspanschoenen, Hulpstijlen, Losse voetplaten. 


DU CROO & BRAUNS - AMSTERDAM 


ALLE CORRESPONDENTIE BETREFFENDE ADVERTENTIES, ABONNEMENTEN ED. 
AAN: G. A. TIESING, VOGELKERSSTRAAT 48, DEN HAAG, TELEFOON 334141 


